TITLE OF THE INVENTION Method and Jig Assembly for Manufacturing Outer Blade Cutting Wheel
S 10 TECHNICAL FIELD 15This invention relates to a method and jig assembly for manufacturing an
outer blade cutting wheel for cutting rare earth sintered magnets. BACKGROUND ART 200uter blade
cutting wheels for cutting rare earth permanent magnets are disclosed in JP-A 9-174441, JP-A 10-
175171, and JP-A 10-175172 as comprising a cemented carbide base having an outer periphery to
which diamond abrasive grains are bonded with phenollc resins or the like. Since 25 diamond grains
are bonded to the cemented carbide basé: base WasiBadRTmpoved mechanical strength over prior
art alloy tool steel and high-speed steel Ha‘éé?,ﬁl@adm@lm ahigimerlaccuracy of machining. Also by
reducing the thickness of thédtatiemitiacising regcementeslicarbids basey thaadgld of 30 machining can
be improved and the machining speed be accelerated. While these cutting wheels using cemented
carbide bases show better cutting performance than prior art outer blade cutting wheels, the market
poses an increasing demand to reduce the cost of cutting wheels. It would be 35 desirable to have a
novel high-performance cutting-off wheel overwhelming the prior art outer blade cutting wheels.

While various cutting techniques including outer blade, inner blade and wire saw cutting-off techniques
are implemented in machining rare earth permanent magnets or sintered magnets, the outer blade
cutting-off te¢hnique is 5 most widely employed. By virtue of many advantages including an
inexpensive cutting wheel machine, an acceptable cutting allowance on use of cemented carbide
blade, a high accuracy, a relatively high machining speed, and a mass scale of manufacture, the outer
blade cutting-off technique is widely io employed in cutting of rare earth sintered magnets. Traditional
cutting wheels for outer cutting used bases m%de of steel alloy materials such as alloy tool steels (e.g.,
SKD grade in JIS) and high-speed steels. HoWevar B+ AGeE24441, JP-A 10-175171, and JP-A
10-175172 (the inventors 155intRIGRG AR S5iferas the ﬁre‘%‘éﬁ]tl)oéls%m@ tatthrgemtdals using bases of
cemented carbidéS=CemEARST Baiside3madeeby amenting tungstéreeartficle AVE):geains in a binder
matrix of cobalt oratiekelametakby sertedingegre high-rigidity materials having a Young's modulus as
high as 450 to 700 GPa

BACKGROUND ART
20 Outer blade cutting wheels for cutting rare earth

permanent magnets are digclosed in JP-A 9-174441, JP-A iG»
175171, and JP-A 10-175172 as comprising a cemented carbide
base having an outer periphery to which diamond abrasive t
grains are bonded with phenclic resins or the like. Since

25 diamond grains are bonded to the cemented carbigde base, the
base has been improved mechanical strength over prior art
alloy tool steel and high-speed steel bases, leading to a
higher accuracy of machining, Also by reduging the thickness
of the blade with using a cemented carbide base, the vield of

30 machining can be improved and the machining speed be
accelerated. While these cutting whsels using cemasnted
carbide bases show better cutting performance than prior art
cuter blade cutting wheels, the market poges an increasing
demand to reduce the cost of cutting wheels. It would be

35 desirable to have a novel high-performance cutting-off wheel
overwhelming the prior art outer blade cutting wheels.



20 and extraordinarily stronger than the steel alloy materials having a Young's modulus of the order of
200 GPa. A high Young's modulus implies that the quantity of deformation of a blade under a cutting
force (or cutting resistance) is reduced. This, in turn, implies that under 25 the same cutting force, the
deflection of the blade is reduced, and that for the same deflection of the blade, the same accuracy of

cuting is possible even hen the igknessihe blade sflegreaserhifipughdbe cutting force
applied per unit area of the Tade remains dsub_stantia‘[gycqlo %n%hggg d g%gay&&gg cutting force applied
to the blade bec&iﬁ%@esmﬁﬁ%‘?rb)?ﬁ?éiﬁﬁigﬁne‘é%r ecrease. fnthe mu tiple machlnin%grocess where a -
magnet block is riveekfHed iffo HiumpR plecks 5flﬁetirﬁ%rﬁ?ap&ﬂflépﬁ%e%ﬁiec%?npnsing a multiplicity
of cutting wheelsgthe ¢otal auttingtforca 36 apphadtdafe i assaRblyfe d*Fhis allows the
number of cuitingnabeealsdelhe éngreaseatl. foBa motonef the same powertarese dutlingifesice to be
reduced for the same ayphen of cutting wheeks Jeatieg ta @, sating-okthesmatosyowes If the motor
power has a margim%}gﬁqxs o thescuttina-foreae the agvanee of the.cutiing: whealassamply may be

t

accelerated to shorten the gcufting %.'r%ein oh {I;H%#Js(%%gigrgggi(ﬁt&g@@eggggecq;pide bases
uctivity o a

. . elatl ;

considerably mpf’bfe&?he pro¥j outer € cutting. Hggveverﬁthe market i ses an ever
increasing demarRFBRRFEESrth SRR hagtE, fith manutacturers entering info keen competition
toward cost reduction.d¥ef id-effeetivendilRatiBrrst FAEBafh SRt B SHEAYHET materiel, the smaller the
cutting allowance, the highvenbecomss thes tiaterigierilizafion yiBleRTHE Righéer #*€tachining speed,
the more is improygeddheanprrdyetiwie diwalldpendesirables tehavessn auter biade cettngsvheel which

offers a high 15 rigjdity angiRigh-ageuracy despiad raduces thickness i . bladedetativare the wheels.
Citation List curregt g —em%mﬁd, C%Q[Q%Q@%@,g&ll;tjﬂg ag@t%@LQOQé'm%tl’fz {the inventors
15 including the same as the present) disclose cutting wheels
wsing bases of cemented carbides. Cemented carbides made by
cementing tungsten carbide (WC) grains in a binder matrix of
cobalt or nickel metal by sintering are high-rigidity
materials having a Young's modulus as high as 450 to 700 GPa
55 and extraordinarily stronger than the steel alloy materials
having a Young's modulus of the order of 200 GPa.

A high Young's modulus implies that the guantity of
deformation of a blade under a cutting force (or cutting
resistance) is reduced. This, in turn, implies that under

25 the same cutting force, the deflection of the blade is
reduced, and that for the same deflection of the blade, the
same accuracy of cutting is possible even when the thickness
of the blade is decreased. Although the cutting force
applied per unit area of the blada remalins substantially

35 unchanged, the overall cutting force applied to the blade
becomes smaller by the thickness decrease. In the multiple
machining process where a magnet block is machined into
multiple pieces at a time by a cutter assembly comprising a
multiplicity of cutting wheels, the total cutting force

35 applied to the cutter assembly 1s reduced. This allows the
number of cutting wheels to be increased for a motor of the

same power, or the cutting force to be reduced for the same



1: JP-A H09-174441 20 Patent Document 2: JP-A H10-175171 Patent Document 3: JP-A

H10-175172 Patent Document 4: JP-A 2005-193358 Patent Document 5: JP-A HO7-207254 Patent
Document 6: JP 2942989 25

number of cutting wheels, leading to a saving of the motor
power. If the motor power has a margin relative to the
cutting force, the advance of the cutting wheel assembly may
be accelerated to shorten the cutting time.

5 The use of high-rigidity cemented carbide bases
considerably ilmproved the productivity of outer blade
cutting. However, the market imposes an evar increasing
demand on rare earth sintered magnets, with manufactursars
entering into keen competition toward cost reduction. For

10 effective utilization of rare earth sintered magnet material,
the smaller the cutting allowance, the higher becomes the
materizl utilization vield. The higher the machining speed,
the more iz improved the productivity. It would be desirable
to have an outer blade cutting wheel which offers a high

15 rigidity and high accuracy despite & reduced thickness of

Blade relative to the current cemented carbide base cutting
wheals.
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DISCLOSURE OF THE INVENTION

The applicant proposed a technique of fixedliy bonding
30 diamond abrasive grains with a phenolic or similar resin to
t+he outer periphery of an annular cemented carbide base and &
technigue of fixedly bonding diamond or CBN abrasive grains
with & metal binder having an adequate Young's modulus to the
outer periphery of an annular cemented carbide base (see JP-A
35 2000-172751, EP 2075092, US 2009165768, KR 20090073019, CH
101537603, or SG 153773}.



Patent Document 7: JP-A 2005-219169 Patent Document 8: WO 96/23630 DISCLOSURE OF THE
INVENTION The applicant proposed a technique of fixedly bonding 30 diamond abrasive
grains with a phenolic or similar resin to the outer periphery of an annular cemented carbide base and
a technique of fixedly bonding diamond or CBN abrasive grains with a metal binder having an

adequate Young's modulpisto,the - »OuEer RERRREE ghapannular semented, carbide base (see JP-A
35 2009-172751, EP 2075%92 U% 20091%576%1Kg€ 20080073(}&19 gN 10%15132603 or %G 153773).
The outer blade cu |R%S\}Nﬁeel’con5|sts gfntwo components, a Ease an a bIa e Sihce the base that

accounts for the rh&fority“of the btt&r Bfa&@%u&%&@vi%ﬁ‘?? rEPIACE b PilgH-FigiaRy t&fiented
carbide base, thetsuterbigeD eidfiy WRBERESRVRH R Mitthariibal sHEAGHP&REalso improved in
accuracy of machimingoverithelptior arpooterdbladereuitingiwhiels sy hased afialoy tool steel and
high-speed steel. Agditiopally, siteathebindenisreplacgd yra-metal baving araprepriate Young's
modulus, the ove@g@eog@tl:ﬂggleﬂgggmg wheg| isdmproved éﬁfg?claggic@@;@p% The resulting
wheel attains threttla g'rf%r gé] sgcgggrov%m@%%mpr vmgn%gagg é@gy og maclig]égg an

improvement in materla b thlnnlngiofthe lad€, and a reduction of machinin costdue to

acceleration of th@?nﬁcﬁ'%ﬁﬁ % Yatt%a8™ 5 2BR é:r""é%tvvltmﬁegprglo?‘%ﬁu&ﬁ?er tﬁgﬁeg Sty wheels of
the resin borid ty R:GEE PRERTTELEHS WSSty i dHRISINE sl h SBBRASETindBFeRS t A hile the
outer blade cuttingweheebsdiripisivigea baseof-eenidrmed aebidemanta Bludeofesisrdsive grains
bound by a 20 meial hapdshowstbetiesmachining performance than thempriorsamwnouter blade cutting
wheels, it is desirgd t@ reduce:thescest of manutaciure. abthatcuttingnwheelBath- the tgehnique of
binding abrasive giains 9 a,c8menteskoardidedase ith.a metahhond and tig,'agniaye,gf shaping a

blade 25 SeCtlon (85 a};?a{gg %er%kg a};}l%r{:lswe Jéa@étbe?:u%q. béle cutting wheels of the

resin bond type using phenolic resins or pelyimide resins as
the abrasive binder.
While the outer blade cutting wheel comprising a base
of cemsnted carbide and a blade of abrasive grains bound by a
zo0 wmetal bond shows better machining performance than the prior
art outer blade cutting wheels, it 1is desired to reduce the
cost of manufacture of that cutting wheel., Both the
technigue of binding abrasive grains to a cemented carbide
base with a metal bond and the technigue of shaping a blade
25 section (or abragive laver)} of abrasive grains bound by a
metal bond invite an extension of manufacture time and a
lowering of manufacture yield, and eventually an increase of
manufacture cost, as compared with the prior art well-known
technigues. The thus manufactured wheel is costly over the
30 prior art outer blade cutting wheels. Although the outer
blade cutting wheel comprising a cemented carbide base and a
metal-bonded sbragive grain blade shows higher performance in
machining as compared with the prior art outer blade cutting
wheels having a resin-bonded abrasive grain blade, the blade
15 can be of higher cost. The cost of the outer blade cutting
wheel itself must be reduced before the demand for reducticon



metal bond invite an extension of manufacture time and a lowering of manufacture yield, and
eventually an increase of manufacture cost, as compared with the prior art well-known techniques. The
thus manufactured wheel is costly over the 30 prior art outer blade cutting wheels. Although the outer
blade cutting wheel comprising a cemented carbide base and a metal-bonded abrasive grain blade
shows higher peffori4n & RinG A cOmparet Wwith the priviea dutesisiadessutting wheels
having a resin-b@sded abrasive grain blade, the blade 35 can be of higher cost. The cost of the outer
blade cutting wheel itselfnnust hentedueeehbefere the demand for redyctign, of the manufacture cost of

rare earth sintered snagnetAan R8-MehusacLmbadimepts of the invention seek fo Provi%e a method
and jig assembly, for g@%qfqgggggtgg Quter | Iaorl1 cujt}ing vggee at a Jow Cost. smgafﬁe method and
jig assembly, an counglrnbla“cA? ggttlngd\{vheg!_wn beiter oSt pe%r?’daﬁ‘@e?ﬁ%?/rbgjrﬁ%ufactured ata
high cost performance.- "~ Th conjunclion witts tie RaRtTAERIIRSoRaR StérBlatRs tuansy wheel
comprising an aﬁﬁu%r%%-ﬁ%’ﬁeé’ﬁé@@ﬁﬁﬂcﬁ blade section formed on the outer periphery of the
base, the inventors have fonwe: thatdsétter voshltshareraistaiied- by creatiag aumagnstiedield in proximity
to the outer periphery:ekthebase cant -seithatthesmagnetic dield raayaat an abragive.grains
pre-coated with a magnetic material tadnagnatize he-eoating. thereby aftracling the aprasive grains to
the outer peripheyy of the hase,. and plating.in.that,state, yéesru?p%sbongina% %h(g &béqg%/e grains to the
base outer peripheg.t, Morg partitquéar}; Eﬁ‘e attachment of the gﬁraswealayer (becoming a blade
section) to the base s madé tighter by controfing the remanences Ssize® maghetRafiRr@Féction, and
position of permdifertmaifid pie€d8 Led AR r BGAE Eliftirfg fife &Rdomprising an abrasive layer
having a selectedbrighver axeiaster distribtaibryofcabrasreagrains sandeenstly manufactured
depending on a particetarapplcationting Asistatedvinetherpreamble:Haost euterblade cuiting wheels
used in the art foeguitiag sareeapbsipierad sragnetsrarresindond digrmond culfing wheels having
diamond abrasivg grains bpung,with phanglic fesins.Qrthe like, For the pyé%ogggeofolirpcpr;‘ovmg the yield
and reducing the cost (%f machining rare earth sintered magnets, It Is desired to reduce The thickness of

the Peripheral bléﬁg ‘dection and to accelerate the cutting speed. In efforts to meet these

requirements, JP-A 2009972 7B HACRHE T cutBn B¢ Bomeetdedfo BiidaBRSVE grains to the outer
periphery of a cekfdifed(Eaerde base. Bypficreaiihgihe Youly's taodulss nédee tiamdeboth the base
and the abrasivetlnyertoconstingettire ogtenblade cutting wheet are-Hnereased-ia4igigity. Due to the
synergistic effect &fdhgseicampopenis thenattenbipde-cutlingsyheslis ingreasad in gpgghanical
strength over the priqr; ad, BMAth respect:to: machining of rye %%glgxsiﬂgﬁlf&*g%a%@%é% dvent of
such a high-perfqggl%rﬁcce Qquter lglgggcqét&in&%%%% chievebrgggmgrove@ent In machining yield

and a reduction of maghim%% cost, However, thg,outer ade cﬁttlng whedT, in rfﬁrr?ai% \}’ee’ry difficult to
manufacture or 1938 mantRactured i Very oW yidlds Bveh iPPossBie> W bt Eitivell-known
techniques such as the t&hMgGESt BiRdMG AFTEN-Grafe®s #BERE Witkde retddsend and the
technique of truingbgralifelfrdr Hhickhesa-6f Al arletddctiprrforealsrasive dayesrefiabrasive grains
bound by a 15 metagbers arsusedin bohiliedbolmicueof bindingraboasiva-giaing iamhase with a
metal bond includes:{et example ndepesiing-ahrasivengnains an.ahase-apd.elegtroplafing for binding;
placing a metal btaze apd.abrasive-grains.on.a,base and hgating them Q}&orﬁgraazciggé and pressure

molding a powder mi turenof abraglve ins.and atgowdered metal %on t0 the_outer periphery of a
c

[
base. It depends On 1he Shape, size ea&ngdt mastlgnr}:a "of a portion 16 whichabrasve grifns are bound
whether or not thé&8t6en TG e S M & RS Feable  FoPEXARPTE 395 WREK i aERS gRBfstare to be
bound to the outeRPREHHEY Bf BrtafRtiHrdistP&R8ped base as in the invention, the plating or brazing
technique is very difficult i retdiivabrasiverngedinShimsciose gontaciewith therbase until the abrasive
grains are bound,Ziecause tre basasudes pRIHAIEHBA the bond used to bind abrasive

grains to the outer periphery of a cemented carbide base. By
increasing the Young's modulug of +he bond, both the baze and

“Bu



30 has a limited surface area. The technique of pressure molding a powder mixture of abrasive grains
and a powdered metal bond to the outer periphery of a base is also difficult to manufacture an outer
blade cutting wheel because the base can be deflected by the strain upon molding. 35Even if a wheel
is manufactured, the shape and size of the blade section can be larger than desired depending on
certain manufactuing seRditians: khis pesesa neeeho Wue the:blads seetien: Singe the metal bond
having higher meghanical strength than ganyeptional, (e%és%s%ethgyggggngg@f adjusting the size
of the blade section is yery. djcf icult. In the case of resin b%nd %\ieréif diatmond 5 abr§si_ve grains (which

e effect ede components, the outelX ade ou E%n .wheel isg .
are difficult to grlné% are contalnec?, smﬁlyiii[mdlng e resin maﬁ/ cause a Fagive grains'to readily shed
because the resit¥ &SR hfedraicat Sre it aE 8 R4TR, AhodEt Hadscutting wheel having a
high dimensiénal accurdéy s riappesdture Firarelat el shfpte oMt Bieéontrast, in the case
of metal bond hawing etmedimmdalestten§tlsseiffieiént 4b retani alwaste graias tghty over a long
period of time_to EBSHIBA h@éacgum%ﬁﬁm&nga th@mﬁ&@&&i@ééﬂmb igmaq@es_ grinding.
As a result, it is vgry diffiuittoradiust thesizerghthesisabragiygdayer. tne JRCELheakLasive grains
are embedded in the metal ong imme,giately after the gbgats:{ve a%]s are bguncd by the metal bond,

. cutting whee in ©urn,’ I8 very GI cUPrl 1o MahufaCcTure® o

the abrasive layer does fot develo the self-sharpening action which'is otherwise eveﬁoped when

rare 20 earth%sinteTeliNAGHEt € R0t Hherdhy. TRIS Take® mivretiffc i e Ri&chitiig of the abrasive
layer. Accordiftly, Whenthelabiiie 157BF 1S RECKAER BF tihkg tRENSIZE¥N@Shape thereof, for
example, the thickibestnaf daralbiasivedayes, tive axiagsrowlsiorn ertantioftei28dbrdsive layer from
the side surface, enththertiadiet pratrtiisipiextent g theabrasivedayer from thedaase periphery of the

base, there is a rigk-thas:2 lengalspashining:igls isnegseduntd arhigh acsusaey wf teuing is completed
or a grinding, tool such ag g grinding, wheel used in 30 machining is soon consumed. The
machining time may be oert%ne%rlg%/ igecrggs'ri%égggglridnodgg% sgeed or the depthbof cut. Under such

.. i o e graing to's 1)
severer machining conditions, ﬁowev%r, the abrasive layér or bas maysbe Crazed or cracked, or

substantially chippetPafvdje These 85 deretié HiayTRUUTETNR Yiel LGP RTANGREERE 25V uUnder the
circumstances, thEerVENtBFs fodtised i jiglasSeacRhen’asiasie §idiRd e BoBREMD the outer
periphery of the basewitlrazmetalibendasilve depositedbyaa platen g igchrigiis ol dgtade section
playing the importayi ole asnthe euterdiade:eutting shieelds fowned b bindiagogbrasive grains to the
outer periphery of,fhe basg. Seyeral s appaachesmawbedakennahep abrasive grains are bound with
a metal bond to be depsited by a plating teghniglis, Aucl, approaghes indude usg of a composite

plating bath havin abrasive %rams dlsgersed in egmec troa%latln liquid, co-de&os@on %f metal and

- . i g ortion to wh rasive grains e DOoun
abrasive grains oR theBade and F g
whether or ncet these technigues are applicable. For example,

25 when abrasive grains are to be bound to the outer periphery
of an annular disc-shaped base ag in the invention, the
plating or brazing technique is very difficult to retain
abrasive grains in close contact with the base until the
abrasive grains are bound, because the base outer periphery

30 has a limited surface arsa. The technigue of pressure
molding & powder mixture of abrasive grains and a powdered.
metal bond to the outer periphery of a base is also éifficult
to manufacture an outer blade cutting wheel because the base
can be deflected by the strain upon melding.

35 Even if a wheel is manufaciured, the shape and size of
the blade section can be larger than desired depending on

certain manufacturing conditions. This poses a need to true



la plating on abrasive grains bonded with a conductive adhesive. In an alternative approach, the base
is sandwiched between jig members to define a narrow space corresponding to the abrasive layer, the
space is filled with abrasive grains so that the abrasive grains are retained therein by the as frictional
force developed among the grains, jig members and base, and plating is effected. It is also possible to
carry out plating aflerabiasive grains prg:,%@@te&wime@ﬂa%%ﬁc maatalial{edg. Ni) by plating or
sputtering are magngtlcallxgtt cted t n outer erlgperalﬁgrtlon of the base dby 0 producmg a

an [ois] 10
magnetic field actoss the base yt e nown means A or%y bui |ng permanent

magnet pieces irPF§TReNBefs afg-SETdREHinG FiefFasé b%]f\ﬁe}éﬁatﬁ% j?& H&therd B Magnetizing the
base. In a furthefappicach  abrasiie gFaifR Coafss WithPa Htictife Afethf stieA™@&Ni or Cu alone or 25 in
admixture with a powedéred gnetal arExdispo setkafédid emlouter prriplidraportiontefitiisibase, which is
placed in a mold yhgre/peessuannis applieddorbing/thesabeasive grains tarthiebase. Of the foregoing,
those approaches avgiding g 30:sondudive,.adhesive ase prefesabl farthe-machining,of rare earth

sintered magnets; begaiisg e, b@9%5@8@091%%8@53:@&@@%&@9rﬁmegd amg@' bond. Among
these, the approac to car ry g out é)latln% r abrasive %alng Rre- coate_L Wlth eflc material (e.qg.,
e

Ni) by plating or SpTtEEfAG e 35 ThagRetically attracted to an oufer pefipheraly por ioni 6f the base is

most effectivé be@éﬁ%%*no §§r§§9§‘§?3ﬁ15 %ﬁeU’Bffccﬁﬁ%gO%é“ﬁEftﬂn Qé‘rﬁidlﬁﬁg’*rﬂété’l bond can be
deposited so as ts:birdebrhsive grains Rl pagRtwitRoGEAPPIYiRGeaaFy 8tressiesthe cemented
carbide base. tignhallyactvabrasivergrapes pré-odatetnwitha anagmetie niatgriad dothecpase under a
magnetic field, thgdeghnigug of:B disiagameleciromagnet+e pierucera Mmagaeticdigld across the base
for magnetizing the abragivs grains, fallowed Ry plating {o hind dhe abragive grainstohe base as
disclosed in JP-A HO7-207254 |s effective. However, if the base portion to which abrasive grains are
bound has a*@malt Volume oF 18 made 10 of a low saturation m gnetlzatlon material such as cemented
carbide, it is difficult to prodtite 2 HHanett EIPERIECRER (RESHREF herbiiéfal Boitidn of the base.
As a result, abrashregrafirefia) pevatitictsd BHside #id B sHed Site 3F% BaHBAABNAttractive force
may not be induceetdb radditidre themslettonayret fegairescobelietors ahd a power supply for
electric conductiope ifsthen manifaciutrg rocessdnvob/escaentact avite eccopductive digrhigas in the
case of electsgplafing, the.jig members.and othencompanants must benglegirigaliy insulated by a

suitable means. T&] %f& %gp jé%éng%eﬁﬁ%c%@etggn%gg%tqwle and the manufacturing

process becomes ine C|ent e inv ntorsC havegfouggvthah an outer blade, cutfi Wheel can be

manufactured by using a8ReS mea?‘nsyfbr roﬁum a ma hetic field of the desired direction and
strength at the 25 'd@sifgd Site, Fp’ezrﬁwﬁ‘r’i’é}ntsﬁ% et wﬁ%ﬁ SPEBRES 10 CntFGLSTER Parameters

as size and shapesimsmtiRy e perfmaifeht g fetiiéc®s okT§ frenierst8antwieRing the base
between the iy membersito tefiae & spacetherébetweehaptacingdbiiasivadiains pre-coated with a
magnetic materialg3Q in-te Spase; attrastingrhem-tadhe:hass by theomagnetiesattractive force, plating
to deposit a metalrjgylcg,gg Q@n%b@éé\ée grains:tq the basey thatip the kgsidting outer blade cutting

wheel, the amount of{;m?1 otnd is ggtlggégg@rgg@g a§r§§g(§ Iggg&ggag_e s&gﬁ% |§_§ontrolled to

the 35 desired size as ose 055|ble and t a form%tlon of the blgde secg[ ths m roved in yield,

and the operation ?8’?&?@‘%3 s‘ffe %f?ﬁérbﬁag Section 1§ mifigafe? Namely, & Righ-performance outer
blade cutting Whe&aFadtRE Hi§hfifferfiBRaratcuracy can be manufactured at a low cost.
Accordingly, embodiment&ref thecpvesirg ifkaativavpreviddarirtidd Tor argritaanghan outer blade
cutting wheel and gdig:assenzbkedsed thereidepth of cut. Under such severer

machining conditions, however, the abrasive layer or base may
be crazed or cracked, or substéntially chipped away. These
35 defects may reduce the yield of manufacture.
Under the circumstances, the inventors focused the jig
used when abrasive grains are bound to the outer periphery of



In one aspect, the invention provides a method for manufacturing an outer blade cutting wheel
comprising a base in the form of an annular thin disc of cemented carbide haVing an outer periphery
and side surfaces and a blade section formed on the outer periphery of the base, said method
comprising the steps of: disposing at least two permanent magnet pieces having a remanence of
at least 0.3 T each, onythe side surface. ah the,haseand inward of fie hase guter; periphery or within a
space located inv%/gfr:gugjf the baﬁg o% eri%eri heﬁ% %nd extgndiQ%gO.mm frtomtthe ide surface of the
base, to produce a magﬁ%%é field of af least 8 kKAIm gtl fie base outjér‘r‘pcexrlp%leryrgna Viithin a space
extending 10 mnidmMh&HEE Butsr petphereet ﬁ&ﬁﬁ?ﬂ@%iﬁ%@%%o?@@ﬁé%raﬂve grains
coated with a magffetientateid stickethat sal@iragnefic fieed Pray acteivenédiamond and/or CBN
grains, causiag tkembrashire grainsto belaitracted amc-seduredir: preximity twthe base: outer
periphery by the resultanbatractive facseantba byelechoplating osalaekaless plating on the base
outer periphery vl the atuasive.aiaips Al asiod theigloyberahy. e aRygsive,grains are bound to the
base outer per,ip@%rgatgi(pern%#%gagg sép%@@& i ;Ifygéccarl% bagse_\L!.Ln g_]ieaform of an annular thin
BO to 20

11e;
disc has an outer diameter of mm, a thickness o .f‘t&‘i.o mm, an inner diameter of 30 to

80 mm, a Young eG4 Br A5G To FO0 G PR RRG BoEAT FafioA MaghR iz Aioh 5 Fat R4St 40 kA/m
(0.05 T). Thé¥diamtHd-3Ad?8r EBRGranSEdatEd Wi admagHetR FrRrENEFpIETerEBRERES-a magnetic
susceptibility x ofiat lemst D:6- it biyreferetoaribodifre itz oneior Arorépaimdnenatveagnet pieces are
disposed contigugtislynemeatsdistarithyf dre eithesordbothpside susfaeewithetase angconcentric with
the disc-form basgy#a anatheraspeatnthe jinention provides,a #ig assermbbeforuse indhe manufacture
of an outer blade gutting;n Wheel.GmPLsing, a hase in fhe farm.af.an apnulag fhin disc of cemented
carbide having an.outer periphery, and.a blade. section formed on fhe outet periphery of the base,

the jig assembly comprlsmgoat gast a pair o [o} members each compfis?nj’a cover of insulating

material having 185 fard8t ot didfhetEr han & basé farld af tERsRIRE Petiaite ftfiagnet piece
secured to the coYeéf, Bispodet] ATaFd BPHTE diteFpeliphePy of tha 1heseraintl IFavingRaTemanence of at
least 0.3 T, whereiatwhéaltheebase i¥heldbatweem thejigynenibers;dhers magnet piecas in the jig
members produce exmagaetic fiekh of at deasted kainr-at thesbasenouterferriplery and within a space
extending 10, mmfrom;the baseQuial peripherys said nagrelicdield agling o atirast and.secure
diamond and/or Cﬁ@_@bgﬁgygggﬂg ?OQEE%W%?J,@@QQE i&m%g%g I ma%% Q{Oé@gg Jo,the outer

e

periphery of the base to keeg ther'% read% fgr g_lienctr%;%latigg ore tctro ess g) atm%. The jig assembly
may further comprise & eathodeTor elaciroplating disposad at the cehter 8Fthk EoUeFPHhR jig assembly

may further compFis8 Z2%Hort ShafHoF Stipfforting' 28 FloFaiBaird R jRefmBeFresive

grains coated with a ductile metal such as N1 or Cu alone or

25 in admixture with a powdered metal are disposed arocund an
outer peripheral portion of the base, which is placed in a
mold where pressure is applied to bind the abrasive grains to
the base.

0f the foregoing., these approaches aveiding a

30 conductive adhesive are preferable for the machining of rars
sarth zintered magnets because the blade section consists of
abrasive grains and a metal bond. Among these, the approach
to carry out plating after abrasive grains pre-coated with a
magnetic material (e.g., Ni) by plating or sputtering are

35 magnetically attracted to an outer peripheral portion of the
base is most effective because no abrasive grains shed off
during the plating, and the metal bond can be deposited so as



ADVANTAGEOUS EFFECTS OF INVENTION Using the manufacturing method and jig

assembly, a high-perfoLmance outer blade cutting wheel can be 30 manufactured in high yields and at
a low cost. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 schematically illustrates an outer
blade cutting wheel in one embodiment of the invention, FIG. IA 35 being a plan view. FIG. 1B being a

cross-sectional vigwidaken.along lines.B-8 in FIG. A and F&@tr{gulgei&gpggggaggﬁgé:ross-sectional

view of_a circle Cspxléls%;. éLDS the cg&%g isa ag_gﬁggcg%gevjew of a jig ass&_embly used _in one _
embodiment of the Invention. FiG. 3is an enlarged cross-sectional view of a peripheral portion of

the jig assembly. 5FIG. 4 TIFStARE 1P AT SARsR HiRstioRoF SelhaReht TR Ret pieces mounted
in the jig assembREterialree S3e a0&ifty aRidfrintafe Biet Habhete ficlasvhrsrisigrsddéed around
the outer periphewry ofgherbade wivendbediade ivsafdwrichetdmmtaigien figanénayers; shetmagnetic field
10 being depicteddnelines cfapagteitmiiuxnllzshawing the snagnetzation«tirestigna of pelLmanent
magnet pieces sapdwichingthe.base:are axially-0pposed as-nFIG. 4A:M2showing:the,
magnetization dirggtions,of permanent magnet @ﬂggg@eﬁnq\giqﬁgggggeb%%%@{g@xgglIy identical as in
FIG. 15 45, M3 shgwigg (t?e magnetgatiosn girec ignsdothpermanen ma et pieces_sandwiching the
base are radially Opposed as in FIG. 4C, and M4 Showing the magrietization diréctioni of permanent
magnet pieces s&dRiciig hEBase Uity fadnitlal s fif E1G. A 2GRIGS 8RS 6D are
cross-sectional viex#d bl bidde seéliohiferiied enparpéisesinddiffesentémifodinte®sly  FIG. 7isa
photomicrograph afa diade sentiorropanigier Hlade muittingwfheekirbExamples 12 FIG. 8 is a diagram
showing cutting acgsiaey \wysus 2k cytting sprefl for Examplesd ta.4anwk GomapasativedExamples 1
and 2. DESCRIPTION QF THERRERERREREMRBODIMENT. Refesngiore| Gk the outer blade
cutting wheeln 30 one eigbodiment,of the nyeniendslustated. g comarsing.apase 40 in the form
of an annular thin disc and a blade section 20 disposed on the outer periphery o the base 10. The
blade section 20 EoHiiiées ‘é%%é’iv%oﬁra%%cd:&fﬁg A AHERRbont, the BFRERASGPAH S comprising

(ﬁanunujgnﬂnslprocess invelves contact with a conductive liguid as in the
case of electroplating, the jig members and other components
must be electrically insulated by a suitable means. Then the

20 jig members become cumbersome to handle, and the
manufacturing process becomes inefficlient.
The inventors have found that an outer blade cutting
wheel can be manufactured by using as the means for producing
a magnetic field of the desired direction and strength at the
25 desired site, permanent magnet pieces which are easy to
control such parameters as size and shape, mounting the
permanent magnet pleces on jig members, sandwiching the base
between the jig members to define a space therebetween,
placing abrasive grains pre-cocated with a magnetic material
30 in the space, attracting them to the base by the magnetic
attractive force, plating to deposit a metal bond for binding
abrasive grains to the base:; that in the resulting outer
blade cutting wheel, the amount of metal bond is optimized
anf the abrasive layer or blade section is controlled to the
38 desired size as closely as possible; and that formation of
the blade section is improved in yield, and the operation teo
true the size of thes blade section is mitigated. Namely, a



35 CBN grains or a mixture of thereof. The base 10 is in the form of an annular thin disc,
differently stated, a doughnut-shaped thin plate or circular thin plate having a center bore 12.
Preferably the base has an outer diameter of 80 to 200 mm, more preferably 100 to 180 mm, defining
an outer periphery, an inner diameter of 30 to 80 mm, more preferably 40 to 70 mm, defining the bore
12, and 5 a thickfésd op e 1 tBBEaCH At ReST e prcferabiytd.2 20v@:8emrhaving |wishdgred that the disc
has a center boreianeran eiier pesiphery @eripheraksurface)and side susfaces;«as shown in FIG. 1.
Thus, the terms "radial" apebasdalare ussdaetativesto thecenter of the dise,,and,so, the 10 thickness

is an axial dimengmbgéwg%ﬂ@@dswecﬁgnaggc%ﬂ@ htorlepgihyis aJadigl dimension, which are
applicable to botwﬁggébaasnedagd‘the Q@Q%égcti%%ed e bgse or disc having a thickness of 0.1 to
1.0 mm and an outer diameter 81}gp to 200 Mm s preFerre&Be'cause a 15 base of such dimensions

can be prepared to an acceptablé sREtracy shd-T5ed thiriterty AT itifg GodréEarth sintered
magnet blocks at@ehitfrdimenstonal acceradyieder aishgrermhdethectmokness is dessitlkan 0.1 mm,
- the base may be largehe deflected independent oftitscdiametesrandm20, psepasatiopof the base to an
acceptable accuragy-is giffisulivfethickness ofymese thard .Qmmmay lead 1o @ lagger machining
allowance. The oyter.diameler is less than o.equalio 200 mm dueto the limitations of the current
d

techniques of manléf ctgriggﬂagd ﬂork'@%ec% ented garbide. 5 The diameter of the bore is preferably
in the range of 306 BO mm 6 :f_haFguttlng wheels may be mounted on the shaft of a cutting machine.
Examples of the cementétF 8BRSt fhiER Tie BasPRTMERRARH CRIGE HhoB SR%FhRIVEBWder carbides
of metals in 30 GroupE S o¢BC ANt VIE AT the- PefiodreTFabke shehHsiyvEnTiesMoe€, MeC, TaC and
Cr,C, are cementéctie aabihdenanadrixDf e, CasdipMoCpePhpitroran allay thereafpdnesintering.
Among these, typicedaWba Gaidbies Tds Ceo it WE B Jak e sysiems-ake-REgigrably used to form
a base 35 having g,Yeupg's-modylks @n-elasticmadulug).af.45010,2QQ.GaRa, Alsa, [hase cemented
carbides which ha%lfeﬁ[%eclgcggc EQQQ%'C?VEX Pryﬁi%ie*ng;ogéescgr%@m or ywhich can Qe_ given such an
electric conductivity with palladiim catalysts or the |ike are preferred. ieh cemented carbides are

given an electric condtidtivity RARS STEROR At S or TR kB W RnBRFF EgBRTE BitHYas

conductive treating agentgrpviding diamond ané/or CBN abrasive grains coated
with & magnetic material such that said magnetic £isld may
act on the diamond and/or CBN grains, causing the abrasive
grains to be atiracted and secured in proximity to ithe base
outer periphery by the resultant attractive force, and

electroplating or electrcless_plating on the base

outer periphery with the abrasive grains atirascted thersto
whereby the abrasive grains are bound to the base outer
periphery to form the blade section.

Typically, the base in the Fform of an annular thin
disc has an outer diameter of B0 to 200 mm, a thickness of
C.1 to 1.0 mm, an inner dismeter of 30 %o B0 mm, a Young's
modulus of 450 to 700 GPa, &nd a saturstion magnetizaition of
at least 40 k&/m (9.05 7).

The diamond and/or CBN grains coated with a magnetic
material preferably has a magnetic susceptibility y of at
least 0.6, _ T ‘

In & preferred embodiment, one or more permanent
magnet pleces are disposed contiguously or squidistantly on

~10 -



5 used in metallization of ABS resins may be employed. With respect to magnetic properties of the
base, the base preferably has a higher saturation magnetization because abrasive grains are secured
to the base by magnetic attraction. Even if the saturation magnetization is low, lo abrasive grains
pre-coated with a magnetic material can be magnetically attracted to the base by controlling the
position of magnet pircesansuitie strengihafdbe magnelicdiald. hndhiscsenrsathe hasg may have a
saturation magnetization.of at leagt 40 kA/m (0.05 T). 15The saturation magnetization of the base is
determined by cutting a iam p!e fe?: mm sguare fron‘ugitxt;t_gmlgcc'a,lsen of raogij}_/ggsthéckness, and measuring a
magnetization curve (4n H o?% e sam%?e at 2&35 by a vi%raﬁng sample n?az‘&netometer (VSM). The
maximum of madtftfZaioh vafuE in e Tt HERUFEMES0 e TataHtih MEGHe AR The base
may be C- oP1k-thafiferelRitits bdtér pefiphetalFepibAT®r tie PurpdBesasT dhianéiberthe bond
strength to the bladiecseeticre having gy dsire graiss loeurd hy=aimbtalibend. Evehatken the boundary
between the base &t 2h the-abrmsivedayetis eves<naghined inremes dsiing blade thickness
adjustment, the metal bopglis;ietained:at the hatndanndue o such.chagyferings thereby preventing the
blade section from_separating. off. The angle andamaount.of,chamfeting may be determined in
accordance with the thickness 30 of the base %[3(1 the average particle'size of abrasive gr%ins because

the workablé tegidr G&PERIR BT Thé TRTtkHESs Of the BEs8*=® ﬁe%a&%?&ct%f’? has abrasive grains
bound by a metaPBoRa"THe BBFASveRy s IREY Aerdif dresdishiGhd JrafRe =35l CBNAgfains, or a
mixture thereof whifletire abkasiveegrethsshotid HeverbeenaashteaWwiith @ nragwetoeaterial. The size
and hardness of abrasieegrains 1o bereoated with a magnetic material are determined in accordance
with the intended applicatiggy Rofexamples dizmensegraias (neluding patkual-diamend and industrial
synthetic digmongl), or cubig boronsnitride (CRN)grainsmayReused alone.ara mixure of 5 diamond
grains and CBN qrains m%yg)%q?ed. %%en ing on atwork, abrasive %ays selected from single

as KA/m A & outer riphery an 1tpin a
crystal and polycrystalline gfereams maic/1 e used alone of in admixtures where y thée micro-fracture of

grains may be adfRa8l. THE L8 ABrAGVE GRINE YUHEHILBR theticRRses io B base to which

abrasive grains aF&@tireC Préferabif Bbrdsive §idifs Ha v an HverateSpannaé st 6810 to 500 um. If

the average parti€iersizbrigsdéss thanitG urathetewhtly e teftsatabemgapsiwigen abrasive grains,

allowing problemstike glazing anthleasling tomeaimdinring thewattiag < 5 epreatior @ag losing the

cutting ability. If the aygrage padicle size is mpre-than.s@04uas theresmaysarise problems, for example,

magnet pieces cut therebﬁl@a%Eaggs%@s;ﬂg?ﬁgér@ggng%g@g Qf ggetggggngfgrblhty, lifetime and
t

the like, abrasive grains of a specifi¢ size within
é&ectrop aling disposed 2 Ehe center of the cover. The jig
assembly may further comprise a support shaft for supporting

25 plural pairs of iig members.

ADVANTAGEQUS EFFRECTS OF INVENTION
Uging the manufacturing method and jig assembly, a

high-performance outer blade cutting wheel can be
30 manufactured in high vields and at a low cost.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 schematically illustrates an outer blade

cutting wheel in one embodiment of the invention, FIG. 1A

35 being a plan view. FIG. 1B being & cross-sectional view taken
along lines B-B in FIG. 1A, and FIG. 1C being an enlarged
gross-sectional view of a circle C in FIG. 1B.

w3la



20 range may be used alone or in admixture. The magnetic material with which abrasive grains
are coated may be selected so that the coated abrasive grains may have a magnetic susceptibility x of
preferably at least 0.6, more preferably at least 1.0, to ensure that the abrasive 25 grains are
magnetically attracted to the base of cemented carbide having a low saturation magnetization within a
short time, and do not shegl off during hinding.by-a plating t%@lﬁ&@- §9§&{.%9§%Q&% magnetic
material is at least one m%tal selectgd Lr]om Ni Fe and Co, an alloy of two or 30 more of these metals,
e empodimant 6f tne invekntion )
or an alloy of at feast one of these metals and one or both of P and Mn. By any well-known techniques

such as sputtering, elediroplatingaid FEFORES Fatiy; e mekitts Wppliedftdform a coating having
a thickness of pRFEiabIsFI5 RPI0O98, HorehSrefefalBiF<ERPEY% 35 of the grain diameter. Since the
magnetic susceptibility fEoated abrasmetgrais «eFands: dadtheomagiretictseseeptibility and thickness
of the magnetic paatediad:coating, dbertype=af magneiic materal mustds;sglected in accordance with
the size of 5 abrasive grajas s as te receive thenegessary atitagtive ferce. Hawever; gyen in the case
of a coating of electiglgss nigkgLphosrhorus Alating having ahigh Rhespherus contept and a low
magnetic susce%tlbl ity, Sfog £X rri@l% &hgerp‘?gnetl Susce tgbllﬂ Ity may be Increased tQ some extent by
heat 10 treatment. Also a Multilayer coating o%riaie?s RaVing differant maghete sisttptibility is
possible, fol’exafipRe LRIV d 0% mAgidRPstsGe sttty BeintPovVénsidifth a layer having a
high magnetic sBisGasfibHia): ithe ftReThagmetiels rsaatbilty okessiedrabrasive grains may be 15
adjusted in an apprapriateirandgéedepsnding oaxd paliicopr sitedtion. Tthertoated alxasive grains
having a magnetiasusceptibdityaoat preterably atleastidfs marepreferably atleast 1.0 ensure that
the abrasive grajns.ake quicldy 29 magnelized by a,magaetis field produced around the outer
periphery of the base as Mlcl)‘pgnge%gbgg glgéecriﬁ\gg_ therefore, the abra, i\gee%%ixqgn%re substantially
equally magnetically aftracted to the quter periphery of the base t?m_)ug out a space 64 defined by a
base 1 and per @ﬁﬁ pieces sandwiching the base are radially opposed as in
FIG. 4C, and M4 showing the magnetization directions of
permanent magnet pieces sandwiching the base are radially
jdentical as in FIG. 4D.
20 FIGS, 6A to 8D are cross-sectional views ¢f a blade
section formed on a base in different embodiments.
FIG. 7 is a photomicrograph of a blade section of an
cuter blade cutting wheel in Example 1.
FIG. 8 is a diagram showing cutting accuracy versus
25 cutting speed for Examples 1 to 4 and Comparative Examples 1

and 2.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to FIG. 1, the outer blade cutting wheel in

3c  one embodiment of the invention is illustrated as comprising
& base 10 in the form of an annular thin disc and a blade
section 20 disposed onr the outer periphery of the base 10.
The blade section 20 comprises abrasive greains bound with a
metal bdnd, the abrasive grains comprising diamond grains,
35 CBN grains or a mixture of thereof.
The base 10 is in the form of an annular thin disc,
differently stated, a doughnut-shaped thin plate or circular

w1l



25 magnet-mounted jig members 50 in FIG. 3. If the magnetic susceptibility x is less than 0.6, there is
a risk that abrasive grains may not be fully attracted within the space, or abrasive grains may shed off
during plating, and consequently, an abrasive layer (or blade section) may not be 30 formed, or an
abrasive layer containing voids may be formed and thus have a low mechanical strength. Itis

noted that the magnetic syscepiibility .0t aRrasive.giains is @%@%g%%? fx?&%@"‘fésa In g resin container
having an outer dait%moeggrlof mm, an iggegodi%n%tﬁ oigmG mm 35 an .2 heg f of abolit 5 mm, abrasive
grains are thinly and unl?o_rm y distributed so as to form ohemé?r; ngfé:‘yéarrs"’.l 3"p&|9aq‘fiﬁci‘ilijﬁ3 ?llaving a
melting point of BbutBGEE 14 8n IREGr RFTATEF “Fhe 2BNLDREF iSHRIGEEM 2R Gfeliwhere it is
heated at 60C. TH8 htarerwrFefrR-paratfitimetterPiselosdd i wolidRmdeselad doswd. Using a
VSM, an initial 5 mdgrietization ctirde {4nt-H). 6f the samplethasprepayed. i measusedmt a
temperature of 24-25C. Adifferentialanagnetihsusceptibility is deteraingdAfeorna sigpe of the initial
magr;)?tizilgor? CULVR &t Fgggmggggg? t(?;gggpgjgygt%g@%g%qt’ic %éngHQil%ﬁﬁ%%@%fa%iﬁ grainfs.
otably, 10 the tic fi calibr using t el_standard sample, and,the density o
abrasive grains g%%%%ie%ﬁ%ﬁ di-lhsit‘it i.ﬁ‘%h'e gn}%g%%%%]atre?% igs? prealfle(%gbﬁ/kégr‘%tef 15 a thickness of

at least 2.5 rim, Which ensures thatentite 5 abrasive graing e fuliftdted®en in the case of

coating by patingd" WHEIESZrsife giEifet nGvBeES LoRraG& PefficR ISR eSF 5009 m &8 the maximum of
the preferred rangésféreégample, #rrebhtihg thickfdss nibimbasitdeasyBism efrthe particle size. Such
a coating providesta hiaubietainingo2@ fatee safficientito:prevents@brasira ghains from falling off when
the outer blade cutting wirel is:isedrinaugting=-apatatior: N ewibas the type of £oatingmagnetic
material is properly, gelecteds dhe £oated.abrasive, gggi%@r%ttg%ctsge@eiit}eegug%r&?rsighaery of the
base under fe magnetic figld 25dyring e plating step withoutshedding off, o _  [f the thickness of a
magnetic coating Is more than 100% of the average p ricke Size (Scfaabraswe g?aﬁ\s,ea volume fraction

of abrasive grain§TTat 86 hSSrEERelS FREHSRTh Uttty BRSO WHEF S0 FAGTE grains have an 30
average particle $izB'GFEG fAEethe MAlRURT of thé Freféirea sante! foceranmplerbeeomes greater,
resulting in a low terting asility 1€ is-heted Hivintrs metal bondtforhindingmabrasivetgrains is a plating
metal to be descritzgd tatera35dhe avteralade cultingewbeet issgepesall ameter, and
20 preparation of the base to an acceptable accuracy is
difficult, A thickness ¢f more than 1.0 mm may lead to a
larger machining allowance. The outer diameter is less than
or egual to 200 mm due to the limitations of the current
technigues of manufacturing and working cemented carbide.
25 The diameter of the bore is preferably in the range of 30 to
BC mm so that cutting wheels may be mounted on the shaft of a
cutting machine.
Examples of the cemented carbide of which the base is
made include those in which powder carbides of metals in
30 Groups IVB, VB, and VIB of the Periodic Table such as WC,
TiC, MoC, NbC, TaC and Cr.,C, are cemented in a binder mairix
of Fe, Coc, Ni, Mo, Cu, Pb. Sn or an alloy thereof, by
gintering. Among these, typical WC~Co, WC-Ti, C-Co, and
WC-TiC-TaC-Co systems are prefarably used to form a base
35 having & Young's modulus (an elastic modulus} of 450 to 700
GPa. Also, those cemented carbides which have an electric
conductivity sufficient to elsctroplating or which can be
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manufactured through the steps of preparing a base, binding abrasive grains to the base (or forming
an abrasive layer or blade section), truing the size of the blade section, and dressing the blade section
to expose abrasive grains face. The blade section is formed according to the invention by 5 disposing
at least two permanent magnet pieces having a remanence of at least 0.3 T each on the side surface

of the base and ipward qf the base UUer RErPHRRYCRL VWA 8:5pAcR lacateddnuargigtthe base outer

periphery and axially extending a distance of at mast 20 mm from the side surface 10 .0f the base, to
produce a magneotxfc ﬁ%Fd Jo%qéff 163t §3f<?5?/?ﬁ:ra??tiﬁe %ggg ocu?g? Be?iphe%% and withiﬁ g1space extending a

distance of at mo&t 1A HENF RS BEEE S r Perip e BT ovMiRG tiakiord ShdfOFCBN grains
pre-coated with alffefnetid irdieriat stePriHat tHE mas R I8 imay EEEdH te 3% Hidmond and/or
CBN grains, sausingdhenabesisive grairisto ¢ atfactediand nerubed ¢riproXidity to the base outer
periphery by the resultantattiactivedotce cand glectropiating:or etectsalegsephating.ontthe base outer
periphery with the, abrasive-graips-Atiracted tharrle Wherehy 20nthesghrasive araing agadaeund to the
base outer periphery to form the blade section.ca 4 iigassemblyds pisgrkinforming the blade

section. The jig assemb! comprises a pair of jig members each comprising a cover of insulating
: . ; : Tow, .
material having aﬁ&?ﬁ&%&’so&‘terﬁz |%Iﬁné§er3ﬁ3ngtﬁr%u g%éoarhd“ 4Pleast one permanent magnet piece

secured to thé co¥BF afitl 8iSHosEtFiR AT OR i€ JttEF poriPReRy bt thBTEEE >rhE BadEis held
between the jig nerabets wHiley pRItIE PR ZdlUdttatersendex@nprry itpassémbly comprising 30 a
pair of jig membegs:bDt béh e figgnemiperb8dnehilesha coverrs bf afsilatingawtadal and one or
more permanent magnet pieces: b4 dispeseddndheacevain g heabase Lisheld between the jig members
50, 50. The permgnent magnretpieses.4: adarepreferably embesded in the covers 52, 52 although

35 they may be disposed,so as to abut agajnst the;hase 4, The pgrmanent nagnet pigges mounted in
the jig assembly should have a magnetic forceé enou%? to attract al?]‘raas}ijvaesgr%ips to the base while a

metal bond is depB&itSyTo-Bhf e BREsRe graifs By a Plafiig Technique. The’hecessary
magnetic flux of permainentsmagnét Heses tepaendsonethezdittancebetwebtrithdibagé dhiter periphery
and 5 the permanggigiagnet pieces, dhgynagnsiizationsaedpagneligsisaeptintityveimagnetic

material with which, abrasive arains are coated, The Rernageqkmagnetpiecestypically have a

R(Ae’ra\n/?nnence (g)g restlgga!sarpc% Q%E,{%é'Uﬁl(ag%%%'wa%fi%y?aﬂ 0.3 T and a coercive force of at least 0.2

The base may be C- or R-chamfered at its outer
peripheral region for the purposes of enhancing the bond
strength to the blade section having abrasive grains bound by
a metzal bond. Even when the boundary betwesn the base and

25 the abrasive layer is over-machined in error during blade
thickness adjustment, the metal beond is retained at the
boundary due to such chamfering, thereby preventing the blade
section from separating off. The angle and amount of
chamfering may be determined in accoxrdance with the thickness

10 of the base and the average particle size of abrasive grains
because the workable region depends on the thickness of the
base.

The blade section has abrasive grains bound by a metal
bond. The abrasive grains used herein are diamond grains,

35 CBN grains, or a mixture thereof while the abrasive grains
should have been coated with a magnetic material. The size

and hardness of abrasive grains to be coated with a magnetic
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10 preferably a remanence of at least 0.6 T and a coercive force of at least 0.8 MA/m, and more
preferably a remanence of at least 1.0 T and a coercive force of at least 1.0 MA/m. Permanent
magnet having a greater remanence is more convenient for locally attracting abrasive grains because
a 15 magnetic field having a greater gradient can be produced. Permanent magnet having a _
remanence of at Jeast Q.3 Tisused inprderta pravent-abrasive graine.fom.mevieg away from the
base by vibrations cye 1o aditation of the.pIaling solfion.aud acllation ol s pase-and.jig assembly

during the 20 plaﬁﬁa 53’[8%_ ermanent maqénet having.a greater %Qﬁr0|v%f%rfg ensures that abrasive

grains are magnéicIRPaH RGP e base SVara Tong fime aven when exposed 1o a hot plating

solution, and allowstioreadyF B paFRic ofiFe 57y 4888 ThlY D% b8tadsdof B'gFedter freedom afforded
to the positios, shapeend sizeioknaghSBpiczesinsedaX RErn¥&sent MagReEHATIIRT a®greater coercive
force may be selegied amengs these permanentmaghets havirig the desirgtiiersahence. Permanent
magnet may be cpatgd with &1 3uitable-30paterabahichis salestedin considaration=of its potential
contact with a plating liquid,sg as;to minimize Jeackingout f the-poatingimatedial in the plating liquid
and replacement of meta sgeciiezsein %h% glaatin%éiquzi’:dal sthgecpoeqltgp material wherehy.the magnet is

n

. . . . Q rag . : : .
improved in corrosion 35% istance. Tn an emlbodlgnent wherein a rgetaldbong |sejg§1pﬁ%sﬂted from a Ni
plating solutigh, pefmigterdfagier s e Coatettwihta Pletal Suthas cu, Sh of Ni of an epoxy or
acrylic resin. The shapel sizearErAURTTST 67 pBY &FRFE RAgHeCpRcES Mdtintel ithe%fy assembly
depend on the sizg.of the & sementedseathidehase sand the desired-pesition, wirectierrand strength of
the magnetic field, For.example Juhen it is, desired p.unifanlycbind abuasive areinsyiaghe outer
periphery of the base, an annular magnet %%% oy arcuate magnet |e&§§i%%rrg§goggggﬁg the outer
diameter of the 16958%?"78? r&&th JUIAF hdghet pieces of several millimeters on one side are

contiguously {ivitheReEaHIHigpEsetsdbngtife FEHPRHRR B thd Base ThEHuRbet B magnetic pieces
may be reduced feszthe; puspeses of sedlbeing the oS0 ofimadghetpietes, Anihin HHsCest a plurality of
magnet pieces may&eé%gﬁcjismgi%qm athHervalse by SeRe imbodiagats, depending on the
remanence of magnet pieces, tie inferval helyiesn MAGAR! RigEes,s ingieased s that magneti

material-coated abrasm?eca?élns In certain. areasr gﬁr& Satt@ctedsang :.ngicghg{ areas tr}gtnatlt_glaected, and as
a result, 20 abrasig@Yriis ii-EertafitFEAE & BolRd And'in bther areas not bound, foLming

rectangular bride segafemay be Witéh peiRfarentthaifffethidEEs are disposed as described above,
abrasive grains may be orféeteckandticung igaipartitiilr diréeRoAPTaeéXampTé@ 4% atf&l or axial 25
direction of the basg by-changing:the cembifationtdet the coated abrasive grains may
have a magnetic susceptibility x of preferably at least 0.6,
more preferably at least 1.0, to ensure that the abrasive
25 grains are magnetically attracted to the base of cemented
carbide having a low saturation magnetization within a short
time, and do not shed off during binding by a plating
technique. Specifically the magnetic material is at least
one metal selected from Ni, Fe, and Co, an alloy of two or
ss  more cof these metals, or an alloy of at least one of these
metals and one or both of P and Mn. By any well-known
technigues such as sputtering, electropiating and electroless
plating, the metal i1s applied to form a coating having a
thickness of preferably 0.5 to 100%, more preferably 2 to 50%

35 of the grain diameter.



magnetization directions of peLmanent magnet pieces. For example, when it is desired to orient
abrasive grains in a radial direction of the base, permanent magnet pieces are disposed as shown in
FIG. 4(1) so that N and N poles are 30 opposed or S and S poles are opposed, with the base
interposed therebetween, that is, the magnetization directions of permanent magnet pieces on the
opposite sides of the bagg atg straight apposed insthe, axial direction of the bage; aras shown in FIG.
4(4) so that the magnetization %5 d(l)rrtl-:'c%?ns ofg permangnt magnet pieces on tjggi%%ggsne sides of the

. . 8 S ma (=) .
base are identical and Sparaﬁ?gﬁo the radial direction of the base. I these arrangemen?g, lines of

magnetic flux ar€ HiVEigeREHEM theT5E88 BHodifidryaht tdife BERR, Us BRSIAHIFRIG. 5(1) or 5(4),
and the magneti®at&Eal-dBated b rErive thdintafr SRFaGRe ItHe bARe HdAE he lines of magnetic
flux. SWhen # is desredte @mi@inabrasive graims it ancadibbdrectionsgiithetlygsetpeemanent magnet
pieces are dispogedas.shawweireE|Gev¥42) 50 thied N-ase Spalesareioppased,) withrifie:-base

interpqsed_ thereb@@@npﬁh@gm%&@@mggcgom@ @%gggﬁggﬁgn@gg%ggeces on the 10
opposite sides of ffig hase aredeptical in, (e pxiglditggfion:gf.the ase: orag showiLin E1G. 4(3) so
that the magnetization dlregtlgn§ o&x%errggngnt Q%a%rsl%t %gcsegm%n ég%eolpé)%sn%smtes of the base are
opposed and pargéﬂgi:% Fnle radial difection offhe Base. these arrangeméﬁts?ﬁnes 15 of magnetic
flux are pardifel t5TR8 PERbHerdr St acE bY theWade SREERBHPI EIET SBFERE5(3), and the
magnetic materiatcbiaedHbBaae &Nk areaitFasfetto fe Base ddng thetlineews saghetic flux. In
an embodiment vilagesinipetimanentowagaet picces ase 2tdisposer] bemnogntricewitnithe center of the
jig member and eguidisianty spacesiapad, there mayecedr aweapination wheretha naggnet pieces
on opposite S'deféu%%éi{ﬂ?!“@&ré%%@lﬁ%@%t Kf”&_@@é@ adﬂ?:@s@i@@bé%ﬁ% wher eoI_-;he magnet piece
on one side js aligned i the sAAGs onhe, aher,side. 254dese sombipaliopzaig [iglyded in the

|
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foregoing combinations and such a combination may be used Iif desired for a partlculfar application.

As discussed abdVe; 3 VaRBty of magnetic fields may be produced around the outer periphery of the
base by 30 selecting the TotnbiratRth 6Pposiith Rt mhaghetizaton AfEERGADf permanent magnet

pieces mounted tedbesdit mambeys-betivear ndiieh thedaseisssandwjched=Byrepaaiiiy a test of
disposing permangntymagpef pieces.and analyzing a magnefic field, a proper.gombigation is
determined sg as0.35 prodyce. A magnelle ield.of A Isast B kAIMLAIcIErably aleast 40 kAvm at the
outer perlphery oi‘“ﬁ?e %ase an ithin space extenair ga Istance of at most mm from the outer
periphery of the base as will be described later, and
therefore, the abrasive grains are substantially egually
magnetically attracted to the outer periphery of the base
throughout a space 64 defined by a base 1 and permanent

25 magnet-mounted iig members 50 in FIG. 3. If the magnetic

susceptibility x is less than 6.6, there is a risk that
abragive grains may not be fully attracted within the space,
or abrasive grains may shed off during plating, and
consequently, an abrasive laver {or blade section} may not be

3¢ formed, or an abrasive layer containing voids may be formed
and thus have a low mechanical strength.

It is noted that the magnetic susceptibility 3y of
abrasive grains is measured as follows. In a resin container
having an oufer diameter of 8 mm, an inner diameter of 6 mm

35 and a height of about 3 mm, abrasive grains are thinly and
uniformly distributed so as to form one or two layers. A
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periphery. If the strength of a magnetic field is less than 8 kA/m, the magnetic force to attract the
magnetic material-coated abrasive grains is short, and if plating is effected in this state, abrasive
grains may move during the plating, 5 resulting in a blade section containing many voids or having
abrasive grains bound in a dendritic pattern. In either case, the blade section has larger than desired

size. As a result, the hiade section.can-he chipped.Ry seRarated duging.reipg ang drassipg steps, or

the truing and dreC sing.steps 10 talge @,tlloen%(?nr:l ggn%,e%nq éh% ﬂ%gﬁfaicéure costis |r}1%reased.

T .
Preferably the positio o peLﬁXﬁgnt magnet is closer to the portion of fhe Dase 10 Which abrasive

grains are to be attratt&d “BrighyHated, thE B8RS bréfetini 6n ke G a8 s (if4éE D the base and
inward of the basel6§st 15 perphkty crith?ae8pEcetocalddt rfivard’ Slthébaselsiitedr periphery and
extending a distapsgrefrataosi R e mare preferabinat Bwsi o snvsfremeheside surface of the
base. By disposing at least o peranant.magnet pigess-having afemanence of at least 0.3 7 at
specific positions Withintthe 20 ran e.%oflh@t all or&%%rt of .the@ggnetgieg_e ma jEfa Itiln the range (at
least one per jig rtﬁeé?nnﬁer ?asr%sa%?% ic !e%j St af leas ﬂﬁr% can “é_pros l?(?éad a the%ase outer
periphery and withih-5$pa 88 8xterding e bistince Bf at oSt fd Fih i PonPHe bast St periphery.
Independent of whethewthe: baseds 2% made of ey mateTiad hawiniga lgighi saturatiareiiggnetization and
capable of i"hQ;UC“%Q@ W&%@ggwm Q%@H@E&%@@@&fi% h{g@-mgq’e&%@r@aterial _having
2 low saturation magpelizalen and ess, eapabls of magnglic Idyction such.as cemenigd carbide, a

magnetic field having a magnetic flux 30 induced across the base outer periphery as shown by lines of

magnetic flux on %%gsnlei%' field analysis in FIG. 5 can be produced at the base outer periphery. When

the magnetic material-coatéd ABPASIVE YIS Grdlcdrfidd Mt hetmag ettt figlds thd coating is

magnetized and asadessaiis the 35caheasivegmins arergttracted andsretamedia the outer periphery of

the base. If the position of magnetds.outside theJange, farexamplenthe position is,outward of and

close to the outer,peri hecr. of th%base, €,9,.8(.a spacing Otf10 5 mm outward of the outer periphery of
1§}ﬁe¥ Jhxa gUrdsive, gral ave al avera %?

the base, the magne a8 pro iced in proximity to the outer periphery of the base has a high

strength, but tend8#@snefud® @ régics \ier@a¥e Fididnt eTaheragetie FEgs relR¥sed, and then
abrasive grains bekawe like raoving aflosd fromdhebasazgnddend toesised off 4f He position of magnet

is inward.of the owter dQ-periphesy, ofgﬂ&basg@ﬂi@%@gﬁaﬁagcgz@‘im0_{3@51_@@;2;@ mm from.th.e
outer periphefy ofdhie hagg -then the magnetic field irodueed atthehase guter pefipheyyand within a

space extending agész;[aggg %f at mast 1&)emrlgtf{%n tQ;%Qa e outer gﬁrl h%%:'{‘gy hgve a strength of

less than 8 kA/m,vf)rovidlng 18'5Short force to magnetcal y afiract the abrasive grains In such a case,

the magnetic field &F&AGH thay B intr84sE8%hy ERfarting i §%k BFMEGAE WREH-RHESS practical
because a jig ass@ffR§ora ErGBFERE iSREqGiTEaTOr ARSEFHNG tFE FAGnBEL2ETREFRF flembers have
a shape corresporid toitheshigpe péthielibase . cFhélig iressbarsiare theurhsasiie tfaefhe permanent
magnet is locatedaiihegesieed positien sekaiive torthe: basedshey thesase is sandwiched between

the jig members. In an examplgavhergindbesbase NhamaRauler coating is more than

160% of the average particle size of abrasive grains, a
volume fraction of abrasive grains that do not effectively
funcition in cutting cperation when abrasive grains have an

30 average particle size of 10 um as the minimum of the
preferred range, for example, becomes greater, resulting in a
low cutting ability. It is noted that the metal bond for
pinding abrasive grains is a piating metal to be described
ilater,

35 The outer blade cutting wheel 1s generally
manufactured through the steps of preparing a base, binding
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25 diameter of 125 mm and a thickness of 0.3 mm, and permanent magnet pieces are dimensioned
2.5 mm (L) by 2 mm (W) by 1.5 mm (t), discs having an outer diameter of at least 125 mm and a
thickness of about 10 mm are used as the jig member. Specifically, the outer diameter of the jig
member is 30 equal to or more than (OD + 2H) wherein OD is the outer diameter of the base and H is

the height of the ahrasive Iyer: 59 as tiRsue8 Gerain,height (9 ragial protrusion exient) of the

abrasive layer. T, ickness of the jig memper varies with. its matecial and is determined to provide 35
a strength sufficien?%’ ﬁr%%%ﬁ??ﬁé n#em er from %%—:-zlr?g %éeﬂ{él%?e ?/éaen Sa%%ﬁ??ém%%ature change

upon entry into aHFFEMBYaF torh tRBhSEFEtTRYy SBIFRPSP HRPTRE RS p&ribtietaf Poftion of the jig
member that will'GEmelRFgoRtaet 1Ath abrasSveegrainsaRayse Hinkhe tHaNEREI”AMIng portion so
that the abrasivedasershay lwdve apsxiavprotusiorrektiemqiStinE S t) mtiedhickness s direction of
the base. Alternatiselyethe: jigmmemhersaayhave aaaquast thicknessadhreaugheut §s diagmeter while a
masking tape haying asthickngss-gqual 19 the adabpiatrusion et isattgehed to.the; remaining

portion. The mateyi he Ji ' ferably.an_lg insulating_ mat ich is free from
deposition by p|a‘eh%g%g%’é@%ﬁﬁ}é?&?n%%ﬁn%ﬁ?c@h Elr?ef%iéég’?g cﬁ?r(%p%eg %\gt{\?veen the jib members

is immersed in a‘plating solufioR from Which a metar bord 15 depoaited on Theba5e. Mte desirably the
jig member Matefial His BREMicAPreSTORTR, hddrRRidantéast s fo aboth¥VCEalti/feat shock
resistance capabié¢ dtmafainingtdimassidpRegichafged Hydinat anasisrupt tentgaratare change upon
entry into and remtiovad ifremcath eattotrplatintpsalutiormrMoneo vers ¢h erigemepabepimaterial should
desirably have suyffisieat dinensianad stakility-tesrhipita 29 pessibilily daatwhensimmersed in the hot
plating solution, the;ligmembeards deflected dug tointemal siesses accymulated.dyring olding and
working, to %Od%%ﬁo%%pﬁ?éwggr‘c% 19 @SQ‘b%%éQ-d:EQetga%s%b%&%‘%ése the lig member material
must be workable so that it may be Worke(? at 25 an (ifeswe position and gkf‘ugﬁ accuracy to form
grooves for receifing patithrfeit rﬁ%ﬁ'ﬁ%‘f’%ié&e??ﬁﬁ%’%ﬁis@ﬁrég%r%?ﬁgké}f‘%%mples of the jig
member materiaPFRIEREER B& usRE TS HErER InAtitRAG iR efitE lasties such as polyacetal or 30
polyoxymethylene 0N Fpslyetise rethe tiestore (P E BK  polgplsenylenesaifideP®S), polyarylate resin
(PAR), polysulfone{PSter-ane palyethersblfanevd g 53iand ceramics Sucheas adumiaa=0f these, POM
is preferred pecause ibhasave goadyofile ofsheamical resistance imengiopahstakility, 35 and
workability, and is commerciallysavailakle gt a reasonable price.

A jig assembly is used in forming the blade section.

The jlg assembly comprises a pair of jig members each
comprising a c¢over of insulating material having a larger
25 outer diameter than the base and at least one permanent
magnet piece secured to the cover and disposed inward of the
outer periphery of the base. The base is held between the
jig members while plating.
FIG., 2 illustrates one exemplary jig assembly comprising
3¢ a pair of Jjig members 30, 50. The Jjig member 50 includes a
cover 52 of insulating material and one or more permanent
magnet pleces 54 disposed in the cover. The base I 18 held
between the jig members 50, 50. The permanent magnet pisaces
54, 54 are preferably embedded in the covers 52, 52 although
35 they may be disposed so as to abut against the base 1.
The permansnt magnet pieces mounted in the Hjig
assembly should have a magnetic force enough to attract
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Jig members are prepared by using a material as mentioned above, determining dimensions including
thickness in consideration of mechanical strength, and working to form a groove for receiving
permanent magnet pieces and optionally a 5 power supply electrode which is necessary when
electroplating is carried out. A pair of jig members thus prepared are assembled and combined with a

base into an integrakassemply: Mpon,assemblye ap-glectrodedor canducting glectdeitydo the base for
enabling electroplatipg.pay,be.ised o fayien e ig Ig membsrs andihs hase together. This
. . g 1o e

establishes both electric_ connection and mechanical fastening and makes the overall structure
compact. Of course, it isrl%?efé??&f ?oarr%o“r‘ggenfﬁaéf‘ecntfnzﬁ%%u?gctgiﬁgr?ﬁg? gtplrﬂ?ﬁﬁ?to?ﬁﬁ &Eemblies be
joined as shown FYEHE S 9P 48%0 Thabte SnkifdfESus prathif s GHEPIRSRtFPOFbAasE?  Referring
to FIG. 2, electropigtirgeethexie T88r56 a6 Sefvirdrasbureelid kit sy eamd urtetedtithe center of
covers 52, 52. Thasathotes1536y56 Arsdgreonitachatitr fadondudtivensapperirshai o8 for supporting
and securing a 2@@@_&@@}@%@@&3 5@n20 serthatpleciiicityis gandisetedfron: shaft 58 to cathodes
56, 56. In FIG. 2{wa pairs.of jig.memkers2Q, adAre-mpunted an sUPRorLshaff 2§ apd spaced apart a
predetermined dlftan%ePL.@lr)[g aaﬂ%lné 60 and.an ezr})d cap .a'ghgélgs%s%e bb%%gown inFIG. 2is

t

. a5 GETrCiVeE . ,
intended for 25 electroplating. In the case of electroless platin , the cathodes are unnecessary, and

instead, nor-tonBE&fiFEB e hIGBHRS hE Used HrtF the’s8ppoftéhdtt ivay ibibe Aetessarily
conductive. Now thatthé3iSe & Saffdifched Bt PatidirePig 30 RiEABERS to Hefife a space by
the jig members andsthelobtdr padpkepretthierbabe; cesaifable armiiht bfimdyfretic material-coated
abrasive grains is weigheelrifiaa hstaneeyoe thadikenand gupplied so=thatdhesgrainsare attracted and
held in the space:s,showit iR 4G Schise Lissandwiches:35 betwees:a palk effigenembers 50, 50

so that extensions 52 522:9L}ig mermhers 54,80 or cQuers 52, 52.08y80d hase L define a space 64

with the outer perg;%ﬂ%r)é oftbase 1.eWi;1rggi§ agerg4 ggr%swg rajns are {n%ggegcagy ﬁtrgcted and
held in place. , S AMOUNt BF Sbrasive ains a{%ﬁacfe(fan held m?tﬁe space dlepengfs on the outer
diameter and thickhe¥E8F 118 SPBEYEthe® S % AbPISvEYran s M8 HEIGnE SR HicRNERR of the blade
section to be fond@sk ishoteerthet eRé pfoeetitré BFRiEnTy abrasdiveRjrafisantPplatiiyis preferably
repeated several émiesssg dsatoipmovide tinceaabpapdldtien pesamitivoldmee. of atirasive grains at any
position 10 qver thesgiraymfesgnce of the base and to firmly bind abrasive grains by the plating
method. Preferably he-hlade, seqlign contains,gbragive Hrains.skadraction pfl 0 to BO% by
volume, and morg pIefeiali e 16,£220 by yluig: Lesslandd uah means g g fraction of 15

. . [
abrasive grains contr?butlng to cutting whereas more t vol% of abrasive %rams may increase
& on? Time %ﬁen W e% ex%osed To a h? gl%fln .
% operation. Either situation creases resistance during the cutting

unwanted loading"aGirg the Eftin _ Si
operation and so &%ty §Pced he&thé tedHREY. PEFaTdhy dn Spdfttuial appiitdlibh, the

volume 25 because of a greater freedom afforded to the position, shape
and size of magnet pleces used. A permanent magnet having a
greater coercive force may be selected among those permanent
magnets having the desired remansnce.
Permanent magnet may be coated with a suitable
30 material which is selected in consideration of its potential
contact with a plating liguid so as to minimize leaching out
of the coating material in the plating liguid and replacement
of metal species in the plating liguid by the coating
material whereby the magnet is improved in cerrosion
35 resistance. In &n embodiment wherein a metal bond is
deposited from a Ni plating sclution, permanent magnet may be

“1G«



20 fraction of abrasive grains is controlled by admixing a suitable ingredient other than abrasive grains.
As shown in FIG. 1C, the blade section 20 consists of a pair of clamp legs 22a, 22b which clamp the
outer peripheral portion of the base 10 therebetween in an axial 25 direction and a body (20) which
protrudes radially outward from the outer periphery of the base 10. (This division is for convenience of

description becaysgdbe legs,anddbe-Roduatedotegral 4g fapmihedilade sqetign.yPreferably the
thickness T2 of the blade section 20 is greater than the 30 thickness Ti of the base 10. Preferably the

space 64 is defined in thjs Wa\ééthou h not sh wWn SO In in FIG 3%“1 I\Qore ?Pfﬁ |f|call the clamp legs
ol the

22a, 22b of the blade section 20°whic lél%m &'outer erlﬁﬁera portlon t?as %) therebetween

each preferably Fav& S ergth Fa éf’“§5#ﬁ’8bf(¥ n‘?ﬁpeé}‘ijd RiorePretéfol§0.51 5 mm. The legs 22a,
22b each préferatsiperis actitkiesSTseofl aPRASS teF {=BI0DSTHADO o -pRsTekably 5 to 2,000
um, and even meiei preferaitly HE tae060 pm tThehitial totel ¢hicknesslof legse2Rat22b is preferably
at least 0.01 mmagare-preferabiy O:ik {0 ¥imn s8pdAven srermpraferably @.02:t0 2 mm. The blade

section 20 is thicker i @é{aeaba%el%méhlsa@t@héah@m%é&t%l@wtwlipé&l@mp legs 22a, 22b
is less than 0.1 mm they are stlll ggfglgggg fg&gﬁgvggtlgg hg&g@pi&g@lgpéyogfo the base from being

chipped or crackea But 1&ss e ectlve for relnforcm the base and sometlm(%? fail to revent the base

from being d%forﬁaesdebyc’tﬁ gﬁﬁ‘?fbg% siRRRRT IFIRE Tongth AT ERCRadS oMM

mm, erelnforcement of the
base is made at #es8EARCBTEF ERPERSERCHTHE ththS@%laﬂf&%gg%dleiﬁ%%ﬁgepm such thin
legs may fail to embaiseettie pfethanicas streiith obfebHa’E drewrefactivdlytischarg@the swarf
sludge. 15As shavemiind&d Gor6Ahto 60rtheselamp legéuiz2ag? 2beay consistefeenetal bond 24 and
abrasive grains 26, (RG. 6A)acensist 0 ngiat band 24-61 G H s Ondreludepan suglerhingdayer
consisting OI{netQ&QQE!QszézP&‘éﬁr&l% & basgr1Q and apsquerlying laver sansistiag of metal bond 24

20 and abrasive grains he metal bor%d maX be further deggsned ﬁo as to cover the
nt

entire structure of E16&- ?0|I a strucl:?ﬁzr?e as shown i I%IG éD resulfing e biiade section having

a higher strengthbﬁﬂf?@‘ér%%ﬁ%eﬁ’t?‘é?ilé% EEBEEI p&F{Po%é“SPQ C“Igmp legs 22a, 22b which
are contiguous totHeeBhase SR fortheP SRy ortheimRtaPb6Rd  ~igte i $EtIAY s first

attracted and in other arsas not attracted, and as a result,

20 abrasive graine in certain areas are bound and in other areas
not bound, Fforming rectangular blades segments.

When permanent magnet pileces are disposed as described

above, abrasive grains may be oriented and bound in a
particular direction, for example, a radial or axial

25 direction of the basgse by changing the combination of
magnetization directions of permanent magnet pieces. For
example, when it is desired to orient abrasive grains in a
radial direction of the base, permanent magnet pileces are
disposed as shown in FIG. 4{(1l} s0 that N and N poles are

30 opposed or S and 5 poles are opposed, with the bhase
interposed therebetween, that is, the magnetization
directions of permanent magnret pleces on the oppusite sides
of the base are straight opposed in the axial direction of
the base: or as shown in FIG, 4{4) so that the magnetization

35 directions of permanent magnet pieces on the opposite sides
of the base are identical and parallel to the radial

direction of the base. In these arrangements, lines of
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carried out while the base is masked, but those portions where clamp legs are to be formed are
exposed. Thereafter, the base is assembled with the jig members and the space 64 30 is filled with
abrasive grains. In this state, plating is effected. After abrasive grains are electrodeposited, the base 1
is masked with masking members (typically covers 52, 52 shown in FIG. 2) having such an outer
diameter that the, electradeposited Roripniis,exposed,and plating is eftegied Ap.again, Then a layer

consisting of the metal bond is formed as t eout st layer af the g@%g section.as shown in FIG. 60.
The body of bladgggecﬁgﬁ 20 \E/vhslg:lﬁwﬁlro%rnu_ es r'at?igﬁg oourtwsaeg qb'e)%lnd the p%arﬁ)rheé:r:ilcof the base 10

has a height or rEA BTG BkERF BED%R BIEHE) Hfich 1S THEISFALYY 0520 X6 fam, and more
preferably 0.3 to B-itf, Hepehitii§ G SHHE ST 0 dB¥asive grains to be bound. If the body height H2
is less than 3.1 mm, thebladeisectioriasdy b consuiedtwithireaistrogtimiedhyiimpacts and wears
during the cutting.pperationeteadingdto amutingavheekwithean shesghietinme efdbedredy height H2
exceeds 10 mm, dhehade sectign.may:isHhecomesuseeptible ta defermation. dhaugh dependent on
the blade thicknegs (12, In FlG, 1 G) Jesuliing in cul magnetiecss.witbwayy, cut surfages and hence,

worsening dimensmnaltaccuracr}/. The Qg%}/n%f gl eeﬁgtljlon Omcogglésts leggggtigrllly femetal bond 24
and abrasive graiie 26 15The Metal Bord 1S a plating metal, prereraby At least one metal selected
from Ni, Fe,*€o, CRP S-S 51I87 thEfeSATF 4T 51165 Tt Stivhta HefAiSwitfi Gite or both of P and Mn.
By plating, the méiaicis tHeposifed o tsbaserwhfie HindmgiabfHSive Hram$théreatitt*20The method
of depositing the maegted thioradt bynplatinerisigeserdlypelassifiottimedns, arn etectroplatimg method and an
electroless platinggpethed. Hedein, sithertheselecireplatipg saethad whiehis €asyetagentrol internal
stresses remaining i the metalhond and.needsdew pradulion 25-castrakihe elagtraless plating
method whlglg ensures r%IIaéli/gI%wgtfoéi[g %%9;%51'989 Qjc;hgh@eﬁ%m%ﬂggﬁe%mgéat&g solution can

M e :
penetrate may be Lised-alone or in combination de¥end|n on zH)artlcular application. In case of
ati

b
single metal platififs &8s (,ﬁospﬁé’rog%e)nni%ﬁg?pl g t?p%aﬂéﬁélécﬁ%%lgt? TRERicke! sulfamate

g T & Nic
plating bath may Pt&féétered @G eoRtrol thE=tress rtheplaiftd fifn 1y §%Féd?ﬁ©ethe
concentration of #hkcactivééngredient drvicke|Swfdhate, the current density during plating, and the
temperature of the plating:3=bathin &ppropriete rahgese and-aaldingean ©rganicas dithee such as
o-benzenesylfonigiggrp-telienesuionamide - gk applemenissush agidnme@eMmng  Besides, in

alloy plating such.as Nisks alloyy Nig\a.alloyNieP allnNisGe aliey orNisr-aliawbe stress in the
plating film may b ontrgﬂgdmk%sg ectin Ehse content of Ee, Mn, P. Co or ;n[llm @ttrt@cau9¥hthe
bath,

eg

whar 3} i Ol oppROEite es dre S

temperature of the p?atln and-other parameters in agtg)ro riate ranges. In the case of alloy
\Y

plating, addition GFBtR&RTc Audiife Ay 26 cBulsd e BfeRhvE8F Srede EGIftPS’ PIatiRG may be
carried out by anyelBRn&WiPtechritgiiBAsSing & pldtitfy BRATHVETkRBRPidtdefositing the

25 These combinations are included in the foregeoing combinations
and such a combination may be used 1f desired for a
particular application.

As AGiscussed above, a variety of magnetic fields may
be produced around the outer periphery of the base by

30 selecting the combination of position and magnetization
direction of permanent magnet pleces mounted to the Jjig
membaers between which the basge is sandwiched. By repeating a
test of disposing permanent magnet pieces and analyzing a
magnetic f£field, & proper combination is determined sc a&s to

35 preduce a magnetic field of at least 8 kA/m, preferably at
least 40 kXA/m at the outer periphery of the base and within a
space extending a distance of at most 10 mm from the outer
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io above-listed single metal or alloy and ordinary plating conditions commonly used for that bath.
Examples of the preferred electroplating bath include a sultanate Watts nickel electroplating bath
containing 250 to 600 g/L of nickel sulfamate, 50 to 200 g/L of nickel 15 sulfate, 5 to 70 g/L of nickel
chloride, 20 to 40 g/L of boric acid, and an appropriate amount of o-benzenesulfonimide; and a copper

pyrophosphate elestigniating bathgantaining,30 19150 gyt copper pophosphaten Q0 to 450 g/L of
potassium pyroppogphate. 4 2Q.1q 20.mi-/LQf 25t gayepHs Ammania, and: 3 10,20.gll, of potassium
nitrate. One exemgla%é/ eleé:ég)lggs plagngssqlutlgn Is a nlck?eLI-P%wos hé),rus alloy %ﬁectrolgss plating
solution containirffgai 0 8 g/i of NEKE sulflasfe,!i to'55ué 0 s%ﬁqr%nﬁylgpﬁos%ﬁﬁ%, 10 to 30 gig, of
sodium acetate, 28 51330 §AT B SOURHTCfr B> %%ﬁb?ﬁﬁriﬁ?@%oﬁgf’o?%*éﬁ?é’a. The
above methdds faeiitafc:patiithé difeetimest bfdiafmiidgrding, ©BN gialds orm hexthe of diamond
and CBN grains tothes pesipheryof theubdsénnaifeerigions close te30. thedinal dimensions at a high
accuracy and the-esbancementat mecharicat sirengthof thedhimbasesat the:sameadine. On use of
the outer blade cugling wheeglotHigsinuention, Vaigus Wkpieces Hlasta%ttt&@ra%%gpical
workpieces include R.Go jate earth sinfered magpets and, 3o RiFe-Biraye earth sintered magnets

f h el lusi

. . > Uih g1
wherein R is at least one of rare earth elements inclusive O?Y. 'I%ese magnets gre réjpared as

. ! p

follows.  *°R-C8'1ar8 0 EnarEE mAY Rt nERAE R EBE AN 2Co, T85&eME ‘Of these, the
R2Co, magnets have a ¢GRpBERIoH (%o By Weight) ebnisiSIARSI0- 283 R 51309 FE23-10% Cu,
1-5% Zr, and thetisalaheeretCooT el dhe prepardd byhwelyingss svarceMmaterials insush a ratio,
melting them, casting the enelt, mnidfinglys partvatizingdhpeallos nio ian averagearticle size of 1-20 pm,
yielding a R2Cols yaagnetpevyler: The pevvdekissthan.compacteddnys: lragnetic field and sintered at

1,100-1,250(; for,Q.pspfaurs, follawed:by sglutian (). reatment &t £ igmpgrafireowerhan the
sintering temperatur(-i 0-50C ogo 5-5.hours, %Qgta ing tg%atrr%entogghgldlg‘g at 700-950C for a

.o ery. ang.ext ng & il . _more ..
certain time and gﬁgsgqueﬁt COOIIng. ﬁﬁ?é-% rare ear .Slntel’ea magnets %ave a composition
preferably at mdst 10 mm from the side surface of the base.

By disposing at least two permanent magnet pieces having a
remanence of at least 0.3 T at specific positions within the

20 range so that all or part of the magnet piece may fall in the
range (at least one per jig member), a magnetic field of at
least 8 kA/m can be produced at the base outer periphery and
within a space extending a distance of at most 10 mm from the
baze outer periphery. Independent of whether the base is

25 made of a material having a high saturation magnetization and
capable of inducing a magnetic Iorce such as alloy tool steel
or high-speed steel, or a material having & low saturation
magnetization and less capable of magnetic induction such as
cemented carbide, a magnetic field having a magnetic flux

30 induced across the base outer periphery as shown by lines of
magnetic f£flux on magnetic £ield analysis in FIG. 5 can be
produced at the base outer periphery. When the magnetic
material-coated abrasive grains are carried in the magnetic
field, the coating is magnetized and as a regult, the

35 abrasive grains are attracted and retained to the outer
periphery of the base.
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15 (in % by weight) comprising 5-40% R, 50-90% Fe, and 0.2-8% B. An additive element or elements
may be added thereto for improving magnetic properties and corrosion resistance, the additive
elements being selected from C, Al, Si, Ti, V. Cr, Mn, Co, Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Sn, Hf, Ta,
W, etc. 20 The amount of additive element is up to 30% by weight for Co, and up to 8% by weight for

the other elements. The ypagnets are preparedRyaighing, seuice. maferialg i sugh.a ratio, melting
them, casting th%}r{':r%elt, %ndg{lnae%gsui\égriﬁin&th&gﬂgﬁngofan aa/ecr?ggep%rticlg sf%%gfrl-zo rim, yielding
aR-25Fe-B magne“t'%ov(/der. The powaer IS then compacted in a magneﬁc‘ﬁ‘leﬁd and sintered at

1,000-1,200C foPB5BR5ErS FolibRetf 5 ading-treHmBnfBRAbRANG Tt 460 F0bttY da certain time
and subsequent eboliRg. SOEKARFPEERSTY EXafipldedrthettehfigRrdrie gited Below by way of
illustration arnd nptbyuway cfdimitatidniExampld:dé 86recementet carbide thasisiry B&H0 wi% WC
and 10 wt% Co was jsachined i amanndasthindisediadag an-eyiemdiameterek125 mm, an inner
diameter of 40 mm.andA Yeurds mofidusof6005Pa and-a.salbration magpefizationaf 127 kA/m
(016 T). The base pasmaskefl Wi adhesivs (ape so.thal gl ciisumfergniiglegion of either

surface extendinghl.g mfrr%S |r}\¥ag from thg,outerfpenpher was ex osﬁed.f n ase was immersed in
a commercially aVaiiabie aguédus atkalmie SOTtion at 20 for £0 Thinties Tor degraasiy, washed with
water, and ilimePs&d i &Waghebts iafioR St S8 Y/12 of $E8RIHID IO PSR at280C where
electrolysis was effeétetr 1006t @¢beteedensity vf 2L AiENY2Fhe tethehted agbiielbase was
ultrasonic washediinldeipnized:satet arickirarersedtiera sutfantatey\W\atts nickelelectrpptating bath at
50C where electrigibpewasmgonductathata current gensityoid:26rAidraRfopalecoplating an 15
underlayer. The masking (3pgWas peeled offt and the base.waswashedayith water; A pair of jig
members of POM having an outer, diameter.af %%%}'ngjcggg a.thickness of 10 mm were provided with
5 a sho, orce to maghetid < 2 abrasive dgralns.
an annular groove having an outer diameter of 123 mm, an inner zo diameter ogf 19 im and a depth

of 1.5 mm. In eact gP86% 275 manenlP AT &C pietet o 2 BRI 2 At ERABYL.5 mm (1)
(Shin-Etsu Rare E&rPMEGHANLDE H1BE 1°55™PHRte sftiditarity &fhIETEFELCAS to provide
opposed magnetizationse a iig asgembly of a larger size iz required for
mounting the magnet.
20 The jig members have a shape correspond to the shape
of the base. The 4ig members are of such a size that the
permanent magnet is located at the desired position relative
to the base when the base i1s sandwiched between the jig
members. In an example wherein the base has an outer
25 diameter of 125 mm and & thickness of 0.3 mm, and permanent
magnet pieces are dimensioned 2.5 mm (L} by 2 mm (W) by 1.5
mm (t), discs having an outer diameter of at least 125 wm and
a thickness of about 10 mm are used as the jig member.
Specifically, the outer diameter of the jig member is
30 equal to or more than {0D + 2H) wherein OD is the outer
diameter of the base and H is the height of the abrasive
laver, so0 as to insure a certain height (or radial preotrusion
extent) of the abrasive laver. The thickness of the jig
member varies with its matérial and is determined to provide
35 a strength sufficient to prevent the member from being
deflected by an abrupt temperature change upon entry into and
removal from the hot plating solution or the like. A
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directions as shown in FIG. 4A whereupon the grooves were 25 backfilled. The base was sandwiched
between the jig members. At this point, the magnet pieces were disposed on the side surfaces of the
base and spaced 1 mm inward from the outer periphery of the base. A magnetic field produced in a
space extending 10 mm from the outer periphery of the base was 30 analyzed to have a strength of at

least 8 kA/m (0.01 T). Diamond grains were previously plated,with NIF $0 as 1o have a magnetic
susceptibility x of ?LF(%%E\%I%I? gfgr%jgoenp3rti§£es‘i§ééjo?%§%o%?}l.tl',aé: NW;:{F";E Iateg Egi%imond grains, 0.4 g,
were supplied to%&ﬁ?&gﬁéﬁ%aﬁ’;?ﬁ?ﬁé@?e@ﬁﬁﬁlg space _‘B%%Wé%ﬁ tH&fig émbers and the base so
as to distribute URFBRHN- S RRFHOGRhECCitEaInfEPEN R T2 iver i@ G adw@embBR RittPabrasive grains
magnetically attrasted was immersedentasulfaiiater\Watts nickelrelsbtroplatikg bath at 50C where
electricity was conduciedoat a currentdensityzafie2hAldmforelectioplatimnethedy assembly was
washed with watgg.Again.4-9 of iaied diarend.grains were magnaticalhratieacted in the space,

whereupon plating.as,Salaly el(edled. Qlaned e waleLwasling., ax e Josseubly was then

5
exchanged to another |ig assembly fr Wf%l h the electroplated hlade section was exposed. The
: i £ 100 . -
assembly was m%%?élletd i aaé‘ffﬁ‘gr%%%g]iﬁ/a f‘s@nf&i%?lérllel& 0 %ﬁnﬁot%lath at 50C where electricity was

conducted at a current dEHRIFESESTH A mB for? 29 JIEEREHtALHG it Bldde section. This was
followed 15 by watsrakashitg ma temerefyagrobtitedarf saterisateiddingiWheet ti#hich the base
was provided on teejperipltery yith thesealderséotioh{abrdasivebayer)ias shawreih PFGBD, It was
ground by a surfage: gsinglingrmaachinessarhat e ahtasivellayen @ Osprotruded ShprakIa) from either
side surface of thg cementgd.carbide bases and dressed vakiginingan rasive graiwelectroplated
outer blade Cutti”%-[ggg%@i%@ed@gg‘inﬁaz (ERL0f 0,4 AL FIG, LIS aphqtomicrograpb of the blade

section. 25 Exam cemented carbide consis mg of 90 wt% WC and Olwt"/%
15 up to about 80°C, and heat shoCk resistance capablie o

maintaining dimensions unchanged against an abrupt
temperatursa change upon entry into and removal from the hot
plating solution. Moreover, the Jjig member material should
desiravly have sufficient dimensional stability to Inhibit a
20 possibility that when immersed in the hot plating solution,
the jig.member is deflected due to internal stresses
accumulated during molding and working, to produce a gap
petween the jig member and the base. Of course, the jig
member material must be workable so that it may be worked at
25 any desired position and a high accuracy to form grooves for
receiving permansant magnet pleces, without fissures or
cracks. ‘
Examples of the jig member material which can be used
herein include engineering plastics such as polyacetal or
30 polyvoxymethylene (POM), polyetheretherketone (PEEK),
polyphenylenesulfide (PPS), polyarylate resin {PAR},
poilysulfone (PSF) and polyethersulfone (PESY), and ceramics
such as alumina. OFf these, POM 1s preferred because it has a
good profile of chemical resistance, dimensional stability
35 and workabilitvy, and is commercially available at a

reasonable price.

w24~



Co was machined into an annular thin disc having an outer diameter of 125 mm, an inner diameter of
40 mm, and a 30 thickness of 0.3 mm, which served as a base. It had a Young's modulus of 600 GPa
and a saturation magnetization of 127 kA/m (0.16 T). The base was masked with adhesive tape
so that only a circumferential region of either surface extending 1.5 mm 35 inward from the outer

periphery was exposed. ] @erp&?gewg @_m%rgggr ghabglpn%m%rgl Iy a\é%”%glf agueous alkaline

solution at 40C for 10, mln%te%for de reasin washe with water, and immersed in an aqueous

solution of 30-80°§/ 6P R8I TR Sy rophospiiats AF sHto i Selrcén&ejc?r%%;'snﬁaghé‘f?g&eéifai‘% current
density of 2-8 A/&@“*T’H%e(‘f@ﬁfé’ﬁ’teﬁfcﬁﬁﬁ&@rﬂé’?& WaS eFaSon RN aEAEE RS tReibAFed water and
immersed in a sulfangte Ivatieetiekel e ropriting barlyee 500 svissrepfectrititynwasxenducted at a
current densiy 0p&w20 Atdm2yfoe Biectroptating cin iundedayernfthemaskingdtapaias peeled off, and
the base was washegbwithewader: 10A pai:0fig memheisofL QM haviag an guier diameter of 128
mm and a th'ckn%m&%@%W%@ﬁ%&ewmh%%@Ui@{tgr%%vem@aa}%%%a%ﬂﬁmetef of 122
mm, an inner d|a{petrclart_iosfslmln m and zjxse eén ode “é gtc gr V¢ 105 {%anent magnet
pieces of 1.8 mm %% %n i h|n U hnagre art r?ret 5% Br 1.14 T)
were equidistantl§/ p%%%oe%‘ ?&agr%félrﬁ%aﬂ?nﬁaﬁeﬂﬁaﬁﬁﬁéd|F80ﬁ8ﬁ*§%& Shewi th FIG. 4E
whereupon e gRsB8VES %@F@b‘é’ﬁﬂflFPéaeTTﬁ%gﬁégéﬁmasTEéﬁdW?@éb@t%é?Pﬂ% figaierhbers. At this
point, the magnetpieces wereadidposeeh20@i tlieside gurfaces vitke bdse anerspaced 1.5 mm
inward from the autetqrerighenmphtite base cAunagnetic fieldypeaditeed irra-spage extending 10 mm
from the outer pegighery-at the.hasewasanalyees tohawe a-strengih of atdeast 16:kAm (0.02 T).

25NiP-plated diamond grains,hgying a wagnetic;susceptibilify x,of 1 0.and an average parficle size of
130 Km, O. 4 , were su é)lplle t and rrh aqsnetlcally attracted in the space between the jig members and

the base so as to-distribute unif ¥m(fy rou%hout the circumference. 30The jig assembly with abrasive

grains magnetically attrattedwas fniferstd in‘a SUHETHERP WS fidedi8efopfating bath at 50C
where electricity #bcERANERE &F atdffe RPHBRSRYHTS POAIGH 2D BlecroptatihgLAfter water
washing, the baseanasgebiovéd.-35Tirereavhsdsstaiied a6 ewteribladencuitingwibieet in which the
base was provideshnauihe: periphgpewithsther blade sectienxabrasive layersdtwas.graund by a surface
26 pair of jig members 50, 50 so that electricity is conducted
from shaft 58 to cathodes 56, 56. In FIG. 2, two pairs of
jig members 50, 50 are mounted on support shaft 58 and spaced
apart a predetermined distance, using a joint 60 and an end
cap 62. The ijig assembly shown in FIG. 2 is intended for
25 electroplating. In the case of eleciroless plating, the
cathodes are unnecessary, and instead, non-conductive base
holders may be used and the support shaft may not be
necessarily conductive.
Now that the base is sandwiched between a pair of jig
20 members to define a space by the jig members and the outer
periphery of the bage, a suitable amount of magnetic
material-coated abrasive dgrains is welghed in a balance or
the like, and supplied so that the grains are attracted and
held ir the space. As shown in FIG. 3, base 1 1s sandwiched
35 between a pair of jig members 50, 50 so that extensions 52a,
5Za of jig members 30, 50 or covers 52, 52 bheyond base 1
define a space 64 with the outer periphery of base 1. Within
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grinding machine so that the abrasive layer protruded 50 um from either side surface of the cemented
carbide base, and dressed, obtaining an abrasive grain-electroplated outer blade cutting wheel having
a thickness (T2) of 0.4 mm. 5 Example 3 A cemented carbide consisting of 90 wt% WC and 10 wt%
Co was machined into an annular thin disc having an outer diameter of 125 mm, an inner diameter of

40 mm, and a 10_thickness qof. Q.3 mm, whi erved Jt had.a Young's lug of 600 GPa
and a saturation ?éggﬁeﬁgéti%%ggfs 137 k%%%%g. 1% gr)f%%ge&%%i%%gs %tzts aecg%v%tharggg‘ﬁ%ﬁe tape so
that only a circurﬁf’e%ﬁfiﬁ region of either surface extending 1.0 mm 15 inward from the outer
periphery was exposed. Htfe HHEE e iniRicrEeltinSg EohfmF&ang bkl Rijiedis alkaline
solution at 40C f&k4 Osmiretebefmrdegeasing, weishediwitheivate aahd-matersed irfatiequeous
solution of 3@-80wg/ke=0f sadiwmzayrephosphatesaigc@Crwhetdelecitolysiswastefferies 20 at a current
density of 2-8 A/ldm' -Eberagnenied carhide baservasadirasonig vashed inxleionized water and

immersed in a s%@gg@é@[ag@ nigksk glectionlating Q@Q‘EQQSQQGWQ%% glgeyicity was conducted at a

current density of 5-20 A/dm2 for el%ct oplating an, 25 underlayer, The mas(liqn tape was peeled off,
and the base Wagaiﬂﬁégﬁgad{\nﬁitﬁ?ﬁgt%r?i Sgﬁ%%jlg Fﬁ%nr% ers o%%éﬁ/l ﬁﬁ?/}rr%g an gufee?’u&ameter of 128

mm and a thicknBEEHFAG HinPRE & Hrbvided Wity an 8RR GMEY 4 r8b0aFadthg®aY RREF BtaMeter of 123
mm, an innérP30 B4 etbr of AT REPARBE dePtRST L35PniNfh E4ch HBdYel P5%ermanent magnet
pieces of 2.5 mmafielsy Semans(iy byyl . Somm {EtSisinmEtdwRare Earth Magnet N39UH, Br 1.25 T)
were equidistantly disposedssarasity piovide smagsetizatianddirgetiions as:shows igfdGs4C whereupon
the grooves were; 35.backfilled,»The base-wassapgwichesd betweendhesiig ragaiay sy Atthis point, the
magnet pieces wege gispgged an e side surfaces pf thehase.and spaced 1aam inward from the
outer 15 abrasive grains contributing to cutting wheresas mere than 80
vol® of abrasive grains may increase unwanted loading during
the cutting operation. Either situation increases resistance
during the cutting operation and so the cutting speed must be
reduced. Depending on a particular application, the wvolume
20 fraction of abrasive grains is controlled by admixing a
suitanle ingredient other than abrasive grains.
As shown in FIG. 1C, the blade section 20 consists of
a pair of clamp legs Z2a, 22b which clamp the outer
peripheral portion of the base 10 therebetween in an axial
25 direction and a body {20} which protrudes radially outward
from the outer periphery of the base 10. (This division is
for convenience of description because the legs and the body
are integral to form the blade section.) Preferably the
thickness T2 of the blade section 20 is greater than the
39 thickness T1 of the base 10. Preferably the space 64 1is
defined in this way (though not shown so in FIG. 3}.
More specifically, the clamp legs 22a, 22b of the
blade section 20 which c¢lamp the outer peripheral portion of
the base 10 therebetween each preferably have a length Hi1 of
35 0.1 to 10 mm, and more preferably 0.5 to 5 mm. The legs 22a,

22b each preferably have & thickness T2 of at least 5 um (=

0.005 mm), more preferably 5 to 2,000 um, and even more
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periphery of the base. A magnetic field produced in a space extending 10 mm from the outer periphery
of the base was analyzed to have a strength of at least 16 kA/m (0.02 T). NiP-plated diamond grains
having a magnetic 5 susceptibility x of 1.0 and an average patrticle size of 130 um, 0.4 g, were
supplied to and magnetically attracted in the space between the jig members and the base so as to

distribute uniformly thraughout ghe circupfergnce 1 bg jighassembly with abiasivergraigs magnetically
io attracted was immersed in a co%per ropho%phatg glec]ttr_o%atm bath atf4OCb\{_\L/he e lectricity was
conducted at a ctiffent’d8ndfly B 35°Ridm2 For Gi8Europtating. ‘AfSF Water washing, the base was
removed from thégigta88eniBiy. THRIeRAR dHiaRsEa Y ol biaBeZ@ing WHedl 19S5 which the base
was provided onghetperiphery-witihfigdladéasection bsrasive kel wies-gtound by a surface
grinding machine:sodkaé sbe abeasive layespnotudet 50amp figm=eitrer, sitlebsudatessf the cemented
carbide base, ang.dressed @btainiag arakyasive grainceloe oplates-euter2@ plade cutting wheel
having a thickness (T2).of 0,4 pm. Examplet Asemenisd catbide sansisiing,ol:33aKd% WC and 5
wtvh Co was maghined info é?%‘;(%@@%:‘%ar %"Q dis¢ laving an oyten 2o 9'%@@%%8&%2%@“ an inner
diameter of 40 mrﬁl, and a thickness of 0.3 mm, which sefved as a base. It had a Young's modulus of
580 GPa and a s&tdratich FFAGAGTz 46N B¥H0 kAT RS OBoTF FiPE Bade Washaskee With adhesive
tape so thatiénly ze80<tirannferdftidbRgioRBieitieC8GHEEE SleMBing TIGHWFTHFERY ffom the outer
periphery was exposeshskhd daseiwastinmirersedidhtd conhersipiiysrvaildilet&gueous alkaline
so:ut@on a]'E gg% (f)otrr}%g}%gggge%foggqg{g@giQg,,gN@hgg%\yitlg%/&@tq,I@Qg ig@m@rgg@ﬂ?ﬁ%gqueous
solution of 30- 0 sodiu rophosphate at where electrolysis was effected at a current
density of 2-8 A/ p Feil eegér%é%ﬁ%%gsr%?% '%ls%%va%tlfl?r%%%%ié} j\illyvaqlts ee%?ns %e?gn?zoed water and
immersed in a sufEhs&E-Viats FEkEPEIBRIOTa G Bath BEC where electricity was conducted at a
current density of 5-20 Algmstforreléetrbpfiing antanfRriayBe FREFRaRFT faife waPpeeled off, and
the base was washed witls Veaterf a m&igair oéjig rhenabdradi PN haingsh otitdFdiameter of 128
mm and a thicknegs, of 25nenBpweke peavidesbwithzan anmulaksgioove: havingias eudter diameter of 125
mm, an inner underlyving layver consisting of metal bond 24 covering the
base 10 and an overiying layer consisting of metal bond 24
20 and abrasive grains 26 (FIG. 6C). The metal bond may be
further deposited so as to cover the entire structure of FIG.
6C +o form a structure as shown in FIG. 6D, resulting in the
nlade sectiion having a higher strength.
in the embodiments of FIGS. 6B to 6D, the portiocns of
25 clamp legs 22a, 22b which are ceontiguous to the base are
formed solely of the metal bond. Herein, plating is first
carried out while the base is masked, but those portions
where clamp legs are to be formed are exposed. Thereafter,
+he base is assembled with the jig members and the space 64
59 ig filled with abrasive grains. In this state, plating is
aeffected. After abrasive grains are electrodsposited, the
base 1 is masked with masking members (typically covers 52,
52 ghown in FIG. 2) having such an outer diameter that the
electrodeposited portion is exposed, and plating is effected
35 again. Then a laver consisting of the metal bond is formed
az the outermost layer of the blade section as shown in FIG.
6D.
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to diameter of 120 mm and a depth of 6 mm. In each groove, 32 arcuate permanent magnet pieces
having an outer diameter of 125 mm, an outer arcuate length of 12.2 mm, an inner diameter of 120
mm, an inner arcuate length of 11.7 mm, and a thickness of 3.0 mm (Shin-Etsu Rare Earth Magnet
N39UH, Br 15 1.25 T) were contiguously disposed so as to provide magnetization directions as shown

in FIG. 4D whereupon the gragyes yere, backfilled, The-basg was sapdwiched.heiwaen the jig
members. At this qomt, the ma%net leces were axially acgds£9 mn}lfrom tple. glﬂtgr cprerlphery of the

base. A zo magne R BF Facedis éapré' e ex eﬁé]int ToThn from the oaute?lperlphery of the base

was analyzed to Fafre?a SIRGTGHEdPR RERY ki (501 F): NiblplStd§iamdFE orartERaving a
magnetic suscepliblitfx df 170 aneh&nive feep afitie Bife 6f 130F213irAeD2 G- % supplied to
and magneticallytatiracted inithebspace Hetwesrsthie jigememizers ahll thizebhsésdasdiotdistribute
uniformly throughgut:the gisgunerence. mm, TR jigiassesbbrwnith abiasive grainsasagnetically
attracted was imgperged in apickel:phosphorysaliey 30, aleptinlesgplating Hathak896y The plating

was followed by waier washing, Again, 0.2 9 Qf Ni-plated diamand arains, baving-a.magnetic
Ry ard
susceptibility x of I.0"and an averag%gﬁpartlc e size of 130 um were "]1% netlcaII)J(LI attracted in the space
t

50 as to distributd Uity TrSTdABU tHe IBERETmIerdiite, Al Slectioless p %n?agf
nickel-phospRoruge amms \Was SR ieeffacia SAREF biitn g ARt R atsmRaLhATty the Blse was

removed from théjigdessevhbhpess TherénwBE%btbined Bpssdtersladie GrtinA®Beel in which the

base was providegh asdhesperiphery witht therbizde S sedtidrefabrasive dapeng It was ground by a

surface grinding maghing se.thatdbe.arasiveayss proteded-a ose dramreithersise surface of the

cemented carbide base, and dressed.qhtaining ap abrasive graineeleciroplated outer blade cutting

wheel having,a thickness,((2),91, 9,4 S, 1OAILING cutling wheels of Rramplas Tlp dagte suited for
s. Com

cutting rare éarth sintere rﬁag%é ocC yarative xamcple 1 "A cemented carbide consisting of
90 wt% WC and w%@gtal gelected from Ni, Fe, Co, Cu, and Sn, an alloy

+hereof, or an alloy of such a wmetal with one or both of P
and Mn. By plating, the metal is deposited on the base while
binding abrasive grains therewith.

20 The method of depositing the metal bond by plating is
generally classified inte two, an electroplating method and
an electroless plating method. Herein, either the
electroplating method which is easy to control internal
stresses remaining in the metal bond and needs low production

25 cogts or the electroless plating methed which ensures
relatively uniform deposition of the metal bond where the
plating solution can penetrate may be used alone or in
combination, depending on a particular application.

in case of single metal plating such as copper or

30 nickel plating, typically electroplating in a nickel
sulfamate plating bath may be effected so as to control the
stress in the plating £ilm by seleciing the concentration of
the active ingredient or nickel sulfamate, the current
density during plating, and the temperature of the plating

a5 bath in appropriate ranges, and adding an organic additive
such as o-benzenesulfonimide or p-toluenesulfonamide, or an
element such as 4Zn, S or Mn.
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15 Co was machined into an annular thin disc having an outer diameter of 125 mm, an inner diameter
of 40 mm, and a thickness of 0.3 mm, which served as a base. The base was masked with adhesive
tape so that only a circumferential region of either surface extending 1.5 arm 20 inward from the outer
periphery was exposed. The base was immersed in a commercially available aqueous alkaline

solution at 40C for 10 mggtgggejg’r %grgffg}gpvl\/g@ﬂg \ggghwggermgngei_r%rpf{@gdﬁ@“% agueous

solution of 30-80 g/L of sodium pyroph (t}:ate 50C where electrqlysis was effected 25 at a current
density of 2-8 A/&%%Z?YThg Ji:'éPm%%)%é}f tzﬁ% ec’b%tssé0 agruIﬁéégﬁicaviv?a%};éd%edgi%%?fgdWater and

immersed in a sutfsmBté WaasTHitReFBledrofatiigPoatttabBoeewheré e thitiPRES Conducted at a
current density 0f5-26 AMm2Hor @edFopratirity SRS tipieralet. tempPRRe bise wastaftached to a
power supply jig sbathat gheatickekuidetiayer veasexpasediandypountec e ajgppesvidéd with a
channel where a#lade=sactian wasto pesformed athe channet wag filed with Nizpleded-giamond grains
35 having an averaggparticle size pf 30 [rn L bedig-which.was-held horizontally was moderately
immersed in a sulfamat tts nickel elec ting bath.where electrici S ,.CO ed at a current
density of 1-10 A/dm2 fgﬁ\%%ét?% T‘éat?neb.e ErgEI'J.f?LeéEi %%e?ﬁer% vﬁh%?%?bgéggv%ag%a%gﬁ%& of the bath.
The base was tuﬁ?e’d‘%a%k?é%ﬁlﬁﬁ)&rﬁ%}a 454 I3y s ProViRsFwith™d chihnel where a blade

section was*d befsfRed HolRFvadT5 8irfifar &letirGotafl g By efdctit Eohdiidiot th a range of 1-10
Aldm2. The abrasiveqgainatactrdplateeicdieritad icdrbide base having the power supply jig
attached was immersed #xantQ sultaate:\akssickel elbetroplating bagh et 50Cwiheare electricity was
conducted at a cyrrgnt density @520 AYdmA fenelectaplating ovesall theralectroplateshsection,
followed by water washing./z. ¢ n:lh& fesulting.Quter blgde cuttipg wheglkwasground by 15 a surface
grinding macl:gline %(?}g%t g abra ié/e | erforggr&ggi gg porg.lfg%m gi h%rosi sggagg of the cemented
carbide basg; and ressed, obtaining Hna rasive rain-ejfectropl'ate outer blade cutting wheel having
athmkness(TZ)EPﬁﬁFnﬁﬁ?d‘ and &n appropridte amount of

o-benzenesulfonimide; and a copper pyrophosphate
electroplating bath containing 30 to 150 g/L of copper
pyropnosphate, 100 to 450 g/iL of potassium pyrophosphate, 1

20 to 20 mL/L of 25% agueous ammonia, and 5 to 20 g/L of
potassium nitrate. One exemplary eleciroless plating
solution is a nickel-phosphorus alloeoy eleciroless plating
solution containing 10 to 50 g/L of nickel sulifate, 10 to 50
g/L of sodium hypophosphite, 10 to 30 g/L of sodium acetate,

25 5 te 30 g/L of sodium citrate, and an appropriate amount of
thicurea.

The above methods facilitate both the attachment of
diamond grains, CBN grains or a mixture of diamond and CBR
grains to the periphery of the base in dimensions close %o

30 the final dimensiong at a high accuracy and the enhancement
of mechanical strength of the thin base at the same time.

On use of the outer blade cutting wheel of the
invention, various workpleces may be cut thereby. Typical
workpieces include R~-Co rare earth sintered magnets and

35 R-Fe-B rare earth sintered magnets wherein R is at least one
of rare earth elements inclusive of Y. These magnets are

prepared as follows.
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20 Comparative Example 2 A cemented carbide consisting of 90 wt% WC and 10 wt% Co was

machined into an annular thin disc having an outer diameter of 125 mm, an inner diameter of 40 mm,

and a 25 thickness of 0.4 mm, which served as a base. The base was placed in a mold and the outer

peripheral cavity was filled with a mixture of 75% by volume of a powdered phenolic resin as a resin

bond and 25% by volurge of diamond grain: ij@é/i%%atg verage, antic%e ize of 130.p.m. The mixture
b %e% % A 'a%n éatl%ec%% r2 fic )

was pressure 30 molded about the base and heated in the mol Fours® orcuring. After

cooling, the bas&Wwas takert buF 8Fthe mofd X2 TREFREURiINY S Gt KRBR &ty whi! was ground
by a surface grifidi Hiddhthe SPIRETHe aofdsive¥afer 3530bthfded 5EPRirCHont either side surface
of the cementedizarlsité F&se bapdtressédsobtalhiny arabrashergtarzetadtedplated outer blade
cutting wheel hauingwe:thickness (3 2)ofhSminratio Tabda Limeportsthe taanutacture yield of outer
blade cutting whesls manafactused ig.Examplesd 9.4 and §;Comparativeexagple 1. When
plating is effected on a base to for lated cutting wheel, the 'plating yield" in percentage is the
number of acceﬁ)taa%fl& (f)%tesdlL (z:l?ttﬁ]%] \?VT%eg‘elgnkl()Y %v%edéjrg th Ex%‘r%%ésm?lg%eg v%oé”’egl)‘nérih Comparative
Example) divide@y BRE3fTotdl MiRbef GIBESES platedl MatREiscddshblEpiatethéatity wheels
were obtained. When a@oaBrasigé fayerisglodnéantdréssetbintd dfinishlwivesl, the "working yield"
in percentage isttheatueixeraaf acceepisdty woarkerbeattingratheals (A wdeealsgn Examples and 5
wheels in Compagative da.Exaniple) sivideghby dhe number of accentablyplated cidting wheels which
are ground and glressed, The;fofad yigld" g the nlating yjeld;multiplied by the working yield, and
represents the over% ield until acceptable cutting wheels (10 wheels in Examples and 5 wheels in

. [s18]e) v . . .
Comparative Examp 90 are obtained. Table 1 (unit: ti
R-Fe-B rare earth sintered magneis have a compoesition

15 {in % by welight) comprising 5-40% R, B50-90% Fe, and 0.2-8% B.
An additive element or elements may be added thereto for

1
k]
e

improving magnetic properties and corrosion resistance, the
additive slements being selected from €, al, 8i, Ti, ¥, Cr,
Mn, Co, Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Sn, Hf, Ta, W, stc.
26 The amount of additive element is up to 30% by weight for Co,
and up to 8% by weight for the other elements. The magnets
are prepared by weighing source materials in such a ratio,
melting them, casting the melt, and finely pulverizing the
alleoy into an average particle size of 1-20 pm, yvielding a R-
25 Fe~B magnet powder. The powder is then compacted in a
magnetic field and sintered at 1,000-1,200°C for 0.5-5 hours,
followed by aging treatment of holding at 400-1,000°C for a

certain time and subseguent cooling.

30 EXAMEPLE
Examples of the invention are given bhelow by way of
illustration and not by way of limitation.

Example 1
15 A cemented carbide consisting of 90 wtd WC and 10 wtd
Co was machined into an annular thin disc having an outer

diameter of 125 mm, an inner diameter of 40 mm, and a
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Example Comparative Example 2 3 4 Plating yield 100.0 91.7 91.7 85.7 52.0 Working yield 90.9 90.9
90.9 83.3 38.4 Total yield 90.9

10

15

20

25

30

35

Young's modulus of 600 GPa and a saturation magnetization of
127 kA/m (0.16 T).

The base was masked with adhesive tape so that only a
circumferential region of either surface extending 1.0 mm
inward from the outer periphery was exposed. The bagse was
immersed in a commercially available agueous alkaline
solution at 40°C for 10 minutes for degreasing, washed with
water, and immersed in an aqueocus solution of 30-80 g/L of
sodium pyrophosphate at 50°C where electrolysis was effected
at a current density of 2-8 A/dm’.

The cemented carbide base was ultrasonic washed in
deionized water and immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/dm* for electroplating an
underlayver. The masking tape was peeled off, and the base
was washed with water.

A pair of jig members of POM having an outer diameter
of 128 mm and a thickness of 10 mm were provided with an
annular groove having an cuter diameter of 123 mm, an inner
dlameter of 119 mm and a depth of 1.5 mm. In sach groove, 75
permanent magnet pieces of 2.5 mm (L} by 2 wm (W) by 1.5 mm
{t} (Shin-Etsu Rare Earth Magnet N3ISUE, Br 1.25 T) were
equidistantly disposed 50 as to provide opposed magnetization
directions as shown in FIG. 4A whereupon the grooves wers
backfilled. The base was sandwiched between the Hig members.
At this point, the magnet pieces were disposed on the side
gurfaces of the base and spaced 1 mm inward from the outer
periphery of the base. A magnetic field produced in a space
extending 10 mm from the outer periphery of the base was
analyzed to have a strength of at least 8 kA/m (0.01 T},

Diamond grains were previously plated with NiP so as

to have a magnetic susceptiblility » of 1.0 and an average

particle size of 130 pwm. The NiP-plated diamond grains, 0.4

g, were suppiied to and magnetically attracted in the space
between the iig members and the base go as to distribute
uniformly throughout the circumference.
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83.483.471.4 20.0 25 As seen from Table 1, the yields of Examples which differ in a certain range
are improved over Comparative Example. Table 2 reports the thickness (mm) and radial protrusion
extent (mm) of the blade sections of the cutting wheels immediately after manufacture (immediately
after binding of abrasive grains) in Examples 1 to 4 and 5 Comparative Example 1 (10 wheels in

Examples 1 to 4 and 5 vyflﬂgeljsiig compak iﬁ%@g@&)@t _igc,rg%esd m%@&ggglﬁess, axial

protrusion extent, and radial protrgsion extent of a t%!g e setctlon each aré deteintinéd by measuring 8

values at interva%%Fﬁgtﬁéir IG5 &nnutar biade Seltibh arid” c_étor@ﬁp"if’titntgsarrliié"f\]/{égrlage. The thickness (T2 in
FIG. 1) of a blad& SRtorPieiies Rt tlahdmytAEhIsde Sectioh Witfes CohfieTerdly available
micrometer havirk} aeprobarerith Gediahieterofs Mnk /e rheilprettusivaasdant (Hn FIG. 1) of a
blade section is Bz astetmined byalsorzontalty ptacing the blade section on the table of a commercially
available non-contact coggdinateaneagusingsmaching; seting weatk coardinates with the origin at the

center of the borg.andmeasiying the. distance hetween the auter periphesy of the hage which is

previously measured, 20, and the outer pefiphery.of the blade, seglion disposed around the base outer
periphery. Tab le J2m(lun|t: mm ' '

The Jjig assembly was then exchanged to another jig
10 assembly from which the electroplated blade section was
exposed. The assembly was immersed in a sulfamate Watis
nickel electroplating bath at 50°C where electricity was
conducted at a current density of 5-20 A/dm® for
electroplating overall the blade section. This was followed
15 by water washing.
There was obtained an ocuter blade cutting wheel in
which the base was provided on the periphery with the bhlade
section {abrasive laver) as shown in FIG. 6D, It was ground

by a surface grinding machine so that the abrasive layer

20 protruded 50 pum {(T3) from either side surface of the cemented
carbide base, and dressed, obtaining an abrasive
grainwelectroplated outer blade cutting wheel having a
thickness (T2} of 0.4 mm.

FIG. 7 is a photomicrograph of the blade section.
25
Example Z
A cemented carbide consisting of 90 wtd WC and 10 witl
Co was machined inte an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and &

30 thickness of 0.3 mm, which served as a base. It had a
Young's modulus of 600 GPa and a saturation magnetization of
127 kA/m {0.16 T;.

*he base was masked with adhesive tape so that only a
circumferential region of either surface extending 1.5 mm

35 inward from the outer periphery was expossed. The base was

immersed in a commercially available agueocus alkaline

solution at 40°C for 10 minutes for degreasing, washed with
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Example Comparative Example 2 3 4 Thickness 0.621 0.577 0.562 0.471 0.850 0.587 0.524 0.570

0.487 0.760
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35

water, and immersed in an agueous solution of 30-80 g/L of
sodium pyrophosphate at 50°C where electrolysis was effected
at a current density of 2-8 A/ém’.

The cemented carbide base was ultrasonic washed in
deionized water and immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/dm’ for electroplating an
underlaver. The masking tape was peeled off, and the base
was washed with water.

A pair of 3jig members of POM having an outer diameter
of 12B mm and a thickness of 10 mm were provided with an
annular groove having an outer diameter of 122 mm, an inner
diameter of 118 mm and a depth of 1.5 mm. In each groove,
105 permanent magnet pieces of 1.8 mm (L} by 2 mm (W) by 1.5
mm {¥) (Shin-BEtsu Rare Earth Magnet N32Z, Br 1.14 T) were
equidistantly disposed so as to provide identical
magnetization directions as shown in FIG. 4B whereupon the
grooves were backfilled. The base was sandwiched between the
jig members. At this poilnt, the magnet pieces were disposed
on the side surfaces of the base and spaced 1.5 mm inward
£rom the outer periphery of the base. A magnetic field
produced in a space extending 10 mm from the outer periphery
of the base was analvzed to have a strength of at least 16
XA/m {(06.02 F).

NiP-plated diamond gralns having a magnetic
susceptibility y of 1.0 and an average particle size cf 130

um, 0.4 g, were supplied to and magnetically attracted in the
space between the jig members and the base so as o
distribute uniformly throughout the circumference.

The jig assembly with abrasive grains magnetically
attracted was immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/dm® for electroplating. After
water washing, the base was removed.

There wias obtained an outer blade cutting wheel in
which the base was provided on the periphery with the blads

section (abrasive laver). It was ground by a surface
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0.654 0.553 0.559 0.438 0.890 0.569 0.582 0.592 0.502 1.050 0.608 0.546 0.546 0.494 1.120 0.588
0.501 0.582 0.488 0.950

grinding machine so that the abrasive layer protruded 50 um
from either side surface of the cemented carbide base, and
dressed, obtalining an abrasive grain-electroplated outer
blade cutting wheel having a thickness (T2) of 0.4 mm.

Example 3

2 cemented carbide consisting of 90 wt% WC and 10 wt%
Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a

10 thickness of 6.3 mm, which served as a base., If had a
Young's modulus of 600 GPa and a saturation magnetization of
127 kRA/m (0.16 T).
The base was masgked with adhesive tape so that only a
circumferential region of either surface extending 1.0 mm
15 dnward from the outer periphery was exposed. The base was
immersed in a commercially available agueous alkaline
solution at 40°C for 10 minutes for degreasing, washed with
water, and immersed in an agueous solution of 30-80 g/L of
sodium pyrophosphate af 50°C where electrolysis was effected
20 at a current density of 2-8 A/jdm’.

The cemented carbide base was ultrasonic washed in
deionized water and immersed in a sulfamate Watts nickel
electroplating bath at 30°C where electricity was conducted
at a current density of 5-20 A/dm’ for electroplating an

25 underlayer. The masking tape was peeled off, and the bhase
was washed with water.

4 pair of jig members of POM having an outer diameter
of 128 mm and a thickness of 10 mm were provided with an
annular groove having an outer diameter of 123 mm, an inner

30 diameter of 119 mm and a& depth of 1.5 mm. In each groove, 75
permanent magnet pieces of 2.5 mm (L) by 2 mm (W) by 1.5 mm
{£) (Shin-Etsu Rare Earth Magnet N39UH, Br 1.25 T) wars
eguidistantly disposed so as to provide magnetization
directions as shown in FIG. 4C whereupon the grooves were

35 backfilled. Tne base was sandwiched between the jig members.
At this point, the magnet pleces were disposed on the side
surfaces of the base and spaced 1 mm inward from the ocuter
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0.596 0.529 0.537 0.473 0.880 0,556 0.587 0.581 0.503 0.780 0.593 0.541 0.513 0.444 0.940 0.611
0.561 0.524 0.475

periphery of tThe base. A magnetic f£ield produced in a space

extending 10 mm from the outer periphery of the base was

analyzed to have a strength of at least 16 ka/m {0.02 T).
NiP-plated diamond grains having a magnetic

5 susceptibility y of 1.0 and an average particle size of 13D

pm, 0.4 g, were supplied to and magnetically attracted in the
space between the Jig members and the base so as to
distribute uniformly throughout the circumference.
The 1ig assembly with abrasive grains magnetically
10 attracted was Immersed in a copper pyrophosphate
slectropliating bath at 406°C where electricity was conducted
at a current density of 1-20 A/dm® for electroplating. After
water washing, the base was removed from the jig assembly.
There was obtained an outer blade cutting wheel in
1% which the base was provided on the periphery with the blade

section {abrasive layer). It was ground by a surface

grinding machine so that the abrasive layer protruded 50 um
from either side surface of the cemented carbide bage, and -
dresged, obtaining an abrasive grain-slectroplated outer

20 blade cutting wheel having a thickness (T2) of 0.4 mm.

Example 4
A cemented carbide consisting of 95 wt% WC and 5 wth
Co was machined inte an annular thin disc having an outer
25 diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a base. It had a
Young's modulus of 580 GPa and a saturation magnetization of
40 kA/m {(0.05 T3},
The base was masked with adhesive tape so that only a
30 circumferential region of either surface extending 1.0 mm
inward from the outer periphery was expcesed. The base was
immersed in a commercially available agueocus alkaline
solution at 40°C for 1i¢ minutes for degreasing, washed with
water, and immersed in an agueous scolution of 30-B0 g/L of
35 sodium pyrophosphate at 50°C where electrolysis was effected
at a current density of 2-8 A/dm’.

_15_



1.030 Average 0.598 0.550 0.557 0.478 0.925 Maximum - minimum 0.10 0.09 0.08 0.07 0.36 (unit:
mm) Example Comparative Example 2 3

The cemented carbide bage was ultrasonic washed in
deionized water and immersed in & sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/dm® for electroplating an

s underlaver. The masking tape was peeled off, and the base
was washed with water.

A pair of jig members of POM having an outer diameter
of 128 mm and a thickness of 25 mm were provided with an
annular groove having an outer diameter of 125 mm, an inner

10 Gismetsr of 120 mm and a depth of 6 mm. In each groove, 32
arcuate permanent magnet pieces having an guter diameter of
125 mm, an outer arcuate length of 12.2 mm, an inner diameter
of 120 mm, an inner arcuate length of 11.7 mm, and a
+hickness of 3.0 mm (Shin-Etsu Rare Earth Magnet NISUH, Br

15  1.25 T) were contiguously disposed so as to provide
magnetization directions as shown in FIG. 4D whereupon the
grooves were backfilled. The base was sandwiched between the
jig members. At this point, the magnet pieces were axially
spaced 19 mm from the outer periphery of the base. A

20 magnetic field produced in & space axtending 10 mm from the
outer periphery of the base was analyzed to have a strength
of at least 8 ka/m {0.0l T).

NiP-plated diamond grains having a magnetic
susceptibility % of 1.0 and an average particle size of 130

25 um, 0.2 g, were supplied to and magnetlically attracted in the
space between the Jjig members and the base so0 as to
distribute uniformly throughout the circumference.

The iig assembly with abrasive grains magnetically
attracted was immersed in a nickel-phosphorus alloy

30 electroless plating bath at 80°C. The plating was followed
by water washing. Again, ¢.2 g of NiP-plated diamond grains

having a magnetic susceptibility y of 1.0 and an average

particle size of 1306 um were magnetically attracted in the
space so as to distribute uniformliy throughout the
15 circumference, and electroless plating of nickel-phosphorus
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4 Radial protrusion extent 1.212 0.601 0.531 0.558 1.500 1.182 0.498 0.562 0.541 1.200 1.154
0.541 0.508 0.590 1.060 1.108 0.623

alloy was similarly effected. After plating and water
washing, the base was removed from the jig assembly.
There was obtained an outer blade cutting wheel in
which the base was provided on the periphery with the blade
5 section (abrasive liayerj. It was ground by a surface

grinding machine so that the abrasive layer protruded 50 um
from either side surface of the cemented carbide base, and
dressed, obtaining an abrasive grain-electroplated outer
blade cutting wheel having a thickness (T2} of 0.4 mm.

10 All the cutting wheels of Examples 1 to 4 were suited
for cutting rare esarth sintered magnet blocks.

Comparative Example 1

A cemented carbide consisting of 90 wt? WC and 16 wtg
15 Co was machined into an annular thin disc having an ocutfer
diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a basze.

The base was masked with adhesive tape so that only a
circumferential region of either surface extending 1.5 mm

20 inward from the outer periphery was exposed. The base was
immersed in a commercially available agueous alkaline
gsolution at 40°C for 10 minutes for degreasing, washed with
water, and immersed in an agueous solution of 30-80 g/L of
sodium pyrophosphate at 50°C where electrolysis was effected

25 at a currept density of 2-8 A/dw’,

The cemented carbide base was ultrasonic washed in
deionized water and immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/A6m* for electroplating an

30 underlayer.

The base was attached to a power supply 3Jig so that
the nickel underliayer was exposad and mounted in a jig
provided with a channel where a blade section was to he
formed. The channel was filled with Wi-plated diamond grains

35 having an average particle size of 130 pm. The jig which was
held horizeontally was moderately Iimmersed in a sulfamate
Watts nickel electroplating bath where electricity was
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conducted at a current density of 1-10 A/dm’ for
electroplating.

The jig together with the Dase was taken out of the
bath. The base was turned back, and mounted again in a jig
provided with s channel where a blade section was to be
formed, followed by similar electroplating by electric
conduction in a range of 1-10 A/ém*.

The abrasive grain-electroplated cemented carbide base
having the power supply Jiig attached was immersed in a
sulfamate Watts nickel electroplating bath at 50°C where
electricity was conducted at a current density of 5-20 A/dm’
for electroplating overall the electroplated section,
followed by water washing.

The resulting outer blade cutting wheel was ground by
a surface grinding machine so thaf the abrasive laver

protruded 50 um from either side surface of the cemented
carbide base, and dressed, obtaining an abrasive
grain-electroplated outer blade cutting wheel having a
thickness (T72) of 0.4 mm.

Comparative Example 2

Ak cemented carbide consisting of 90 wid WC and 10 wits
Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.4 mm, which served as a base. Ths base was
placed in a mold, and the outer peripheral cavity was filled
with a mizxture of 75% by volume of a powdersd phenolic resin
as a resin bond and 25% by volume of diamond grains having an

average particle size of 130 pm. The mizxture was preassure
molded about the base and heated in the mold at 188°C for 2

hours for curing. After cooling, the base was taken out of
the mold.

The resulting outer blade cutting wheel was ground by
a surface grinding machine s¢ that the abrasive layer

protruded 50 um from either side surface of the cemented

carbide base, and dressed, obltaining an abrasive

-38~



0.608 0.614 0.582 0.770 1.127 0.535 0.538 0.615 0.940 1.154 0.567 0.576 0.593 1.140 Average
1.164 0.563 0.567 0.579 1.092 Maximum - minimum

grain-electroplated outer blade cutting wheel having a
thickness (T2} of 0.5 mm.

Table 1 reports the manufacture yield of outer hlade

cutting wheels manufactured in Examples 1 to 4 and
5 Comparative Exampie 1.

When plating is effected on a base to form & plated
cutting wheel, the "plating vield®" in percentage is the
number of acceptably plated cutting wheels (10 wheels in
Exampies and 5 wheels in Comparative Example) divided by the

10 total number of bases plated until the acceptably plated
cutting wheels were obtained. When an abrasive laver is
ground and dressed into a finish wheel, the "working yield"
in percentage is the number of acceptably worked cutting
wheels (10 wheels in Examples and 5 wheels in Comparative

15 Example} divided by the number of acceptably plated cutting
wheels which are ground and dressed. The "total yield" is
the plating yield multiplied by the working yield, and
represents the overall yieid until acceptablie cutting wheels
{10 wheels in Examples and 5 wheels in Comparative Example)

26 are cobtained.

Table 1
{unit: %}
lComparativeE
Example H Examols |
1 2 3 4 ki
Plating yvield 100.0 91.7 91.7 85.7 52.0
Working yvield 50.9 8.9 80.9 83.3 38.4
Total yield 0.9 83.4 B3.4 71.4 20.¢

25 _
As seen From Table 1, the vields of Examples which
differ in a certain range are improved over Comparative

Example.
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0.17 0.130.11 0.08 0.73 As seen from Table 2, the blade sections of the cutting wheels
manufactured in Examples have a thickness close to the desired dimension as compared with
Comparative Example 1, and the thickness and radial protrusion extent of 5 the blade section have
substantially reduced variations. Table 3 reports an average working time taken when the blade
section manufactured insExamples ], {0 4 and.-Compaalive Examplgl 258 {eyed in thickness and radial
protrusion extent élg Ivvhgglns inxgxagngles 1 (ggkéltggdbggv eeesl%(i:r% :%%@pggagl\{g 10,4 >§Lanrgple 1). Table 3
Example Compe?ra?lveulgxampﬁe 173 ﬂm‘"hlc ness grinding time(min)
wheels immediately after manufacture {immedistely after
binding of abrasive grains) in Examples 1 to 4 and
5 Comparative Example 1 {10 wheels in Examples 1 to 4 and &
wheels in Comparative Example 1}.
It is noted that the thickness, axlial protrusion
extent, and radisl protrusion extent of a blade section each
are determined by measuring 8 values at intervals of 45° per
10  annular blade section and computing an average. The
thicknegg (T2 in FIG. 1) of a2 blade section is measured by
clamping the blade section with a commercially available
micrometer having a probe with a diameter of 5 mm. Ths
radial protrusion extent {(H2 in FIG. 1) of a blade section is
15  determined by horizontally placing the blade section on the -
table of a commercially available non-contact coordinate
measuring machine, setting work coordinates with the origin
at the center of the bore, and measuring the distance between
the outer periphery of the base which is previously measured
26 anél the outer periphery of the blade section disposed arcund
the base outer periphery.
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118 84 66 46 376 Radial protrusion grinding time (min) 48 37 22 16 92 Total grinding time (min) 166
121 88 62 468 15As seen from Table 3, Examples 1 to 4 reduce the total working time below 112 of
the total working time taken in Comparative Example 1 although the working time differs in a certain
range. FIG. 8 is a diagram illustrating a cutting accuracy 20 versus a cutting speed. A cutting test was

performed. A multiple wheel assembly was consggga%d Qy arranging two outer blade cutting wheels
from each of Examples 1 to 4 and Comparative Exampies 1 and 2 at a spacing of 1.5 mm. While the

assembly was operated at 5,400 rpm and a cutting speed of {unit: mm)
Example Cogiiigiive
1 2 3 1 1

0.621 6.577 0.562 0,471 0.850

0.587 0.524 0.570 0.487 £.760

0.654 §.553 0.559 0.438 0.890

0.569 0.582 0.592 0.502 1.050

U.608 0.546 0.546 0.494 1.120

Thickness .

6.588 0.501 0.382 0.488 0.950

£.596 ¢.529 9.537 0.473 D.BE0

0.556 ¢.587 o.581 0.303 .780

0.593 0.541 0,513 0,444 0.940

5.611 0.561 G.524 0.475 1.030

hverage 0.598 0.550 0.557 0.478 0.925

Maximum - minimum 0.10 0.09 0,08 .07 Q.36
{unit: mm)

1 z 3 4 1

1.212 ¢.601 0.531 0.558 1.5060

1,182 0.498 0.562 0.541 1.200

i.154 0.541 0.508 0.590 1.060

1.108 0.623 0.616 0.620 0.800

Radial protrusion 1,221 0.554 0.601 0.560 1.100

extent 1.248 0.581 0.576 0.560 1.240

1.076 0.517 g.552 0.575 1.170

1.155 0.608 0.614 0.582 0.770

1.127 ¢.535 0.538 0.615 0.940

1.154 0.567 0.576 9.593 1.140

Averages 1.164 0.563 §.567 0.57% 1.092

Maximum - minimum 6.17 0.13 0.11 0.08 6.73
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25 30 mm/min, from a Nd-Fe-B rare earth sintered magnet block of 40 mm wide x 130 mm long x 20
mm high, 50 magnet pieces of 40 mm wide x 20 mm high x 1.5 mm thick were cut out. Thereatfter, the
cutting speed was changed in a range of 10 to 35 mm/min, and 5 magnet pieces were cut out at each
speed. For each magnet piece, its thickness at five points, the center and four corners was measured
by a micrometer. The 5 géff(gre&cefpgﬁyv@gg 1'@6‘?4('% agpagunlmurplv%lge tfan]long these five
measurements per Jpagnet |g e |saa C ttl aceurac j£4m 1 An average o he cutting accuracies of
five magnet pleces was omeu RN F(L)cf ed m tﬁe lagram °8 have§ C%ﬁ'u &fiVe Examples 1 and
2, the cutting ac&raty 16 &%ﬂﬁl@ﬁﬁﬁ%%@?m Eﬁttﬁf@”@ﬁ&é’é |W&|’é1és‘é§“HﬁIE9&éﬁ?ples 1to 4, the
cutting accuracy ¥s #etéw 50 pe thbgg hiHaskng Ihisody asdticis pndicatiig thaxtwe timeénsional
variation is minimizedoé¢uén erdighspeadcutiing.ah sis Blideridemithese; datacombined with Table
3, a 15 high-performanceseuter:blagessutiingnwhest sensisging e ahase ehremenigd eatbide and a

blade section of melal bandad abrasive-grains san, be.mapyfactyred in high yields, In.addition, the time
taken until the w ggmbsl\é/qug to, the %e%e% SJZ% Is S gni gantl}é reguced 20 25 30 % ACIMS 1.A

tru L0
method for manu acturln%an outer blade cuttlng W ee com rsing a bpase n ﬁ‘l ?orm ofnan annular

thin disc 5 of cema&ntdd Earbidd hadiy 4R % dte?opé;rlﬁ‘ﬁgry'saﬁ’&%? & stifdc¥PAnA S Bade section
formed on the ot&FPRIpHery of the base, said method comprising the steps of: disposing at least
two permanent magnet pieces having a remanence of at least 0.3 T each on the side surface of the

Table 3
Comparative
Example Example
1 2 3 4 1
Thickness grinding
fime (min) 118 B4 66 46 376
Radial protrusion
grinding time {min) 48 37 22 16 g2
Total grinding time
(min) 1646 121 88 62 468
15 As seen from Table 3, Examples 1 to 4 reduce the total

working time below 1/2 of the total working Time taken in
Comparative Example 1 although the working time differs in a
certain range.

FIG. 8 is a diagram illustrating a cutting accuracy

20  wversus a cutting speed. A cutting test was performed. A

multiple wheel assembly was constructed by arranging two
outer blade cutiing wheels from each of Examples 1 to 4 and
Comparative Examples 1 and 2 at a spacing of 1.5 mm. While

the assembly was operated at 5,400 rpm and & cutting speed of
25 30 mmm/min, from a Nd-Fe-B rare earth sintered magnet block of

40 mm wide x 130 mm long x 20 mm high, 50 magnet pieces of 40

mm wide x 20 mm high x 1.5 mm thick were cut out.
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io base and inward of the base outer periphery or within a space located inward of the base outer
periphery and extending 20 mm from the side surface of the base, to produce a magnetic field of at
least 8 KA/m at the base outer periphery and within a space extending 10 mm from the base outer
periphery, 15 providing diamond and/or CBN abrasive grains coated with a magnetic material such
that said magnetjc¢ field may act on the diamond and/or CBN grains, causing the aprasive grains to be
attracted and se%%?gg ?r%%kirqrcn 36/ t8%%§36133é5 %%?gr g%?ip‘%?y %%/c;':hienreasuﬁf%rﬁeatf?fac ic\)/etf’orce, and
20electroplating bt SBeséPathd ofrthe BASESutET Perfpher)With the2Bta®R*%& Grains attracted
thereto wherebyiRE &5@siFeHranParepoutieFtd e msesodierperfpmadabsioifhthe blade section.
25 2.The methodtef thainarddwhrareircthe:basevnsee@tunof dryannulartbire disc hahan outer diameter
of 80 to 200 mmaashiskiess B Hvkéa kA:mitnarianes diaraater0f3Q tardhironas¥oung's modulus

of 450 to 700 GRaangd & satuationsmagnetization gf atdeast 40 g@gmgogcag&grhe method of

claim 1 or 2 wherein the diamond and/or CBN%rain_s coated with a magnetic material has a magnetic

susceptibility x of & least®.8V*42FRe hethSd B 2ny driz"6FERME "L 85 3\WRErBYBRE or more
permanent magrigigsieeestarecdinposedl esftiguotisifoteqtitistbiftyron either or both side surface of
the base and concentriciwithdtheadist ffoenElsase1Bs 51 Aejig assethlelydor usedinthermagufacture of an
outer blade putting ydeeh gomprisiag asbasetdndhedoran gf apanulastbinsdisc ot gemented carbide
having an outer petiphery, and 3 bjade,section formed gn the outetperiphery lg,of the base,  said
jig assembly comprlsr?'ng at least a pair (?fjlg members each gomprlsmg a cover of nsufating material

having a larger otASF-BFaMEtEF tAT iié bake- andE8sst BnEserniafe At ifRGHerfiece secured to the
cover, disposed iravaat18rof thenduterigedpherrofthé basesarg havitg Breemanence of at least 0.3 T,
wherein when the base is beidibstweéennthehjig enémbersptite maynatpiecesiia the §g members
produce a magnetigfield of atlaast8kfYar abthedase ouier peEphensandwithin a:2Q space
Ciamond anclor SN Sb e e e o ety e 1 e Guter peripher
of ths base t0 KeBp RO A o oty Lok e eLt Mgy SRLaa- 1 (e ouler perPher
addition, the time taken dntil the wheel is worked to the
desired size is significently reduced.

20

25

30
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6. The jig assembly of claim 5, further comprising a cathode for electroplating disposed at the center of

the cover. 30 7.The jig assembly of claim 5 or 6, further comprising a support shaft for supporting
plural pairs of jig members.

CLAIMS:

1. B method for manufacturing an outer blade cutting
wheel comprising a base in the form of an annular thin disc

5 of cemented carbide having an outer periphery and side
surfaces and a blade section formed on the outer periphery of
the base, said method comprising the steps of:

disposing at least two permanent magnet pileces having

a remanence of at least 0.3 T each on the side surface of the

10 base and inward of the base outer periphery or within a space
located inward of the base cuter periphery and extending 20
mm from the side surface of the base, to produce a magnetic
field of at least 8 ki/m at the base outer periphery and
within & space extending 10 mm from the base cuter periphery,

15 providing diamond and/or CBN abrasive grains coated
with 2 magnetic material such that saléd magnetic field may
act on the diamond and/or CBN grains, causing the abrasive
grains to be attracted and secured in proximity to the base
outer periphery by the resultant attractive force, and

20 electroplating or eslectroless plating on the base
cuter periphery with the abrasive grains attracted thereto
whereby the abrasive gralins are bound to the base outer
periphery to form the blade section.

25 2. The method of claim 1 wherein the base in the form of
an annular thin disc has an outer diameter of B8 to 200 mm, a
thickness of 0.1 to 1.0 mm, an inner diameter of 30 to 80 mm,
2 Young's modulus of 450 to 700 GPa, and a saturation
magnetization of at least 40 ka/m (0.05 T).

30
3. The method of claim 1 or 2 wherein the diamond and/or
CBN grains coated with a magnetic material has a magnetic

susceptibllity ¥ of at least 0.6.
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20

25
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4. The method of any one of claims 1 toc 3 wherein one or
more permanent magnet pieces are disposed contiguocusly or
equidistantly on either or both =ide surface of the base angd
concentric with the disc-form bease.

g. A ilg assembly for use in the manufacture of an outer
blade cutting wheel comprising a base in the form of an
annular thin disc of cemented carbide having an outer
periphery and a blade section formed on the outer periphery
of the base,

sald 3jig assembly comprising at least a pair of ijig
members each comprising a cover of insulating material having
a larger outer diameter than the base and at least ons
permanent magnet piece secured to the cover, disposed inward
of the outer periphery of the base and having a remanence of
at least 0.3 T, wherein

when the base is held between the jig members, the
magnet pieces in the jig members produce a magnetic field of
at least 8 kA/m at the base outer periphery and within a
space extending 10 mm f£from the base outer periphery, said
magnetic field acting to attract and secure diamond and/or
CBN abrasive grains coated with a magnetic material in
proximity to the ocuter periphery of the base to keep them
ready for electroplating or electroless plating.

G. The 3ig assembly of claim 5, further comprising a
cathode for elsctroplating disposed at the center of the
cover.

7. The jig assembly of claim 5 or &, further comprising a

support shaft for supporting plural pairs of Jjig members.
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